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Ge m e r a且竜m色『odu c色畳o m
h thela stde c ade
,
a n u ndersta ndingof dr ugdeliv e ry syste m(D Ⅰ)S)
has m ade r apidpr ogre s s,in whichin v e stigativ edire ctio n c a nbe ro ughly
clas sifiedintothre e c atego rie s,ta rgetingofdr ug, contr olofdr ugr ele a s e,
andimpr o v em e nt ofdr ugbio a v ailability[1-2]. ‡･Io w e v e r, m o st ofthe
r e s e a rch w o rk ha sbe e nfo c u s edto obtain c o n sta ntr ele a s e ofdr ugfr o m
do s agede vic e, n a m ely zer o- o rde r r el a s e[3-6]. hl C O ntr aSt Of 血is w o rk,
a n e wte chn ology山a七山edrugr ele a sefr o mthede vic e c a nbe cha nged
a c c ordingtodise as e c onditioilSha sbe e n r e c e ntly repo rted by u slng a n
■
intellige ntgel[7-19]･ Ge n e rally, this type ofgelis chara cteriz ed by
r e spo nding r e v er siblyもo e xte rn alstim ulis u ch a spH [20-23】, ele ctric
field[24-27】, m agn eticfield【28-29j, chemic als[30-31】, a ndte mper atu r e
[32-37]･ Co nsideringthat the c o n.ditio n ofiln e s sin hu m a nbodyis
●
o c c a sio n ally a c c o mpa nying afe v e r, thethe r m o-r e sponsiv epolym ergels
ha v e abrightpro spe ct ofde velopi ng a n e wdr ugdelive ry ,do s agefo r m,
pa rtic ula rly applic atio nin tr aIISde m ladeliv e ry syste m(T DS). The
a uぬo rdis c ov er edthatgels withpe nda nt(光一a min o a cidgr o upha sthe r m o-
s e n sitivity･ In ge n e r al, degre e ofs w elling ofsu chgelsis dr a stic ally
cha nged ar o u nd lo w e r c ritic al s olutio nte mper atu r e(L C ST)[38-39]
wbicbc anbe easily c ontrolled bysele ctlng血ekindofpe nda nt α -a min o
a cidgr o up, kirld ofc a rbo xyl-pr ote ctl ng gr o up, etC･ In this repo rt;the
●
a uthorde s cribe sw elling a nd de s w el ingkin etic s of theintellige ntgels
r e spo n siv eto a slight cha nge ･ofte mperaturein clo s ely relatedto the
r ele a s e of9-β- D -a r abin ofu r a n o sylade nin e(Ara- A).
InC hapter1,di e s w ellingbeha vior s of fiv etypes n e wlysynthe siz ed
polym e rgels c o n sisting of 2-hydro xyethyl m etha c rylate (H E M A),
styr e n e(St), N- vinylpyrr olido n e(V P), a nd ac ryloyl- L-pr olin e m e血yl
e ste r(A-Pr oO Me) w e r ein v e stigated in w ater or saline s olutio n?s a
fu n ctio n ofte mpe ratu r e,to e v alu atethethe r m o-r e spo n sive ability･
In C hapter 2, the kin etic m e cha nis m of s w elling-de s w elling
pr o c e s s e s ofgels w a s studiedin con n e ction withthe a ctiv atio n e n etgy
●
a nd mic r o s c opi c Obs e Ⅳ atio n a nd, m o re o v e r, r ele a s ebeha vio rof Ara- A
w a sin v e stigated.
T DS, whiqh w a sintr odu c ed in 1971 by Zaffar o ni[40-41】, ha s a n
u n iqu e adva ntagefo rthe m aintenanc e ofa c o n sta ntdrugc o n c e ntr atio n s
tllr O ugb 血e skin【42-4 4】･ Ho w e v e r,itis difficult to cba nge 血edn lg
rele as eratedepe ndiI-gStr o nglyupo ndis e a s e c o ndito n s. As a u s efulto ol
- ト
to r e m o v ethisdefe ct
,
applic atio n of a e n vir onm ental
-re sponsi
.
v ege且 a s
r ate- c o ntrollingm embra n eintr a n sde r m alpatch m ake spo s sibleto c o ntr ol
the rele a s e r ate of dr ugsfr o mpatch a c c o rdingtodis e a s e c o nditio n s. Fo r
thisptlrPO S e,thefu ndam e rlta re se ar ch w orks, e spe cialyfo r applic atio n
intra n sde r m alpatch withthe m o
-r e spo n siv efu n ctio n w e r edo n eba s ed
o n atypic alrelationshipbetw e e nthe r ele a s e r ate of dr ugsfr o m rate-
c o ntr olling m e mbr a n e a nd in viv o凸u x.
Ⅰn Chapte r3,in o rde rto de sign r ate- c o ntr olling m embrane the
per m e abilityofAra
- A w a sdete rmin edu singtw o- Cha mbe rdiffu sio n c ell.
Pa r aleltothis e xperim e nt, the diffusio n m e cha nis m of Ara- A w a s als o
inv e stigated ba s ed o nthefre e v olu m ethe o ry[45-50j.
In Chapte r4, thetr arlde r m al Ar a- A deliv e ryfr o m a chara cte ristic
r ate- c o ntr olling m e mbr an e w a s e xplain edba sed on thein viv o r e s ultsto
hairle ss mic e. Ⅵlelo c al pha m a c okin etic s of Ar a- A a ndits m etabolite
(9-P- D - a r abin ofu r a n osylhypo xa nthine, Ara- H) w e r edete rmin ed by
intr a v e n o u s(iv)injectio nto hairle s s mic e. Theblo odle v els of Ar a-A
a nd Ara- H obtain ed withtransderm alpatch withdiffe re ntperm e ability
c oefficie nt w ere c o mpa r ed withtho s epr edicted fr o mphysical m odelof
the skin (m ulti-laye r m odel) alld fro m the r e s ults of lo c al
phar m a c okin etics of Ar a- A a nd Ar a- H.
In C hapter5, a statistic al m o m e nt the o ry w a s n e wly appliedto
e v alu atethe s w ellingbeha vio r ofther m o-r espo nsiv egels･ Untiln o w,
thisisfr equently u s edto chara cteriz ethediffer e ntdrug r ele as ein vitro
a ndin vivo,in whichthe statistic al m o m ent c an be cla s sified into thr e e
par a m eter s, a r e a u nderthe c u r vt(A U C), m e a n r eside n c etim e(M RT),
v a ria n c e or m e a n r e side n c etim e(VR T)【5ト62】. On ぬe o血erba nd,in a
the r mo-re spo n siv egel, s u chpar a m ete rs c o n sistm ainly ofa r e a u nderthe
s w elling-te mpe rature c u rv e(A U C), m e a n swellingtr an sitio nte mpe ratu re
(MST T), a nd v a ria n c e ofthe m e a n s w ellingtr a nsitio nte mpe r atu r e
(VST r)I In this study, s u chthre epa r a m ete r s w a s an alyz edfo rthe
poly(A-Pr oOMe)gelsin aqu e o u s s odiu mdode cyls ulfate s olutions a nd
forthepoly(A-PrdoMe/St)gelsinpur e w ate r.
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Ⅰntr odu ctio n
M a nypolym e rgels ha v ebe e n synthe siz ed inte nsiv elyto e v alu ate
the o n- offswitch fu n ctio n r e spo n siveto envir o n m e ntalcha nge s s u ch as
pH[20-23], ele ctric al field【24-27], m agn etic field【28-29], chemic als
[30-31], a ndte mpe r atu re[32-37,63-66]･
r
m isfu n ctio nha s apo ssibilty
to produ c e a n e wtype ofdr ug､
delive ry syste m(D DS),in whichthe
dr ug r ele a se sho uld be cha nged a c c o rding to dis e a s e c o nditio n.
T he n T1 0- re spo n siv epolym e rgels a r epa rtic ularlyinte r e sti ng, fo rthey
a re r e spo n sible quicklyto a slight cha nge ofte mpe r ature c o n c e m l ng
●
that m anydis e a s e s a c c o mpa ny afe v e r･ O kaI10 et all r epo rtedthat the
m o m olitllicde vic e of c opoly(N -is opr op yla c ryla mide/butylm etha c rylate)
gels gw e s apuls ate r ele a s e ofindo metha cinin r e spo n s eto a step- wis e
●
te mpe r atu re[67-6 8]･ Hoffm a n et all im m obilz ed the biologic ally
impo rta nt s ubsta n c es within a the r m auy r e v etsible poly(N -
is opr opyla c rylami de) gel [69-71]. Yo shida et al. studied the
appe ar a n c e ofther m o-r e spo n siv efu n ction for a n e wpo r o u spolym e r
gel ba s ed on a c ryloyl- L-pr olin e m ethyl e ste r(A- Pr oO Me) And
dis c o v e r edthat this gel fo r ms the rigidm e mbr a n e-like ba rrier at the
s u rfa ce(s urfa c e r egulatingsyste m)intheinitialstage ofde s w elingby
the intr odu ctio n ofa hydrophobic spa c e r m o nm e r2-hydr o xypr opyl
m etha c rylate, applic abletolong- a ctingte sto ste r o n edeliverysyste min
viv o as ate stic ula rpr o sthe sis[72].
In this r epo rt, the tbe r m o-r espo n sive polym e rgel w e r e n ewly
synthe sizedto e v alu atediete mper atu re-re spons e[73-7 4].
蚤1･1 Pr epa r ation Ofthe r m o-re spo n siv epolym e rgels
1)H E MA, H E MA/VP, a ndrIE MA/St
一3_
2一 閃ydr o xye叫y且 m ethac rylate (H E M A), styr e n e(St),
･
a nd N -
vinylpyrr olido n e(V P) as polym e riz able m o n o m e rs w e r efr o m
Polys cien c e, W a ringto n, P A(U･S･ A･) aild w er e u s ed afte r reduc ed
pr e s s u redistillatioll tinde r nitr oge n(N2)atm o sphe r e･ 2,2
l
- Az obis[2-
m ethyl pr opio 王Iitrile] (A IB N) as a c atalyst w a s obtain ed fro m
Polys cie n c e, W arril-gtO n, PA(U･S･A･)I
Poly(H E M A), poly(H E M A/St), a nd poly(吏1E M A/V P)gels w e r e
synthe siz edby r adic alpolym erizatio n, u si ng A ⅠB Nas a ninitiato r a nd
ethyle n eglyc ol dim etha crylate(EGD M A)as a cr o s s-1inkillg age nt･
r
rbe
c on c e ntratio n of A IB Nw as7.84m m ol/I in the m o n o m e r s olutio n a nd
0.03 wt% E GD M Awas addedfortotalm o n o m e r. 那lePOlym e riz atio n
w a s c a rried o utin apolyethylen e mold(4.75A 4.75 in.)at60
oC fo r2 4
hou rs afte rthe m o n o m er s olutio n w a s effr v e s c ed with nitr oge nfo r15
min ute s. Ea cllgel w as w a slledbys o akingfir st witll W ate r a ndthe n a
s olution of m etha n ol aild w ate r(20:80)to r e m o v e a ny u nr e a cted
m o n o m e r a ndtll eillitiato r･ Str u ctu I.alfo r m ula e ofpoly(H E MA/V P)
andpoly(H E M A/?I)gels a re sho wnin FiguI･e I.1.1.
2)A -Pr oOMe/H E M Åa lld A-Pr oO Me/St
Ac ryloyl 心pr olin e m etbyle ste r(A- Pr oOMe) w as synthe siz ed by
c o nde n s atio n of a c rylic a cidand しpr olin e m etbyle ste rhydr o cblo ride
in 血epr es e n c e ofdicyclobe xylc arbodiimide a s a c o nde nsing age nt【75】;
Rf=0･54(ethyla c etate, Me r ck kie s elge160F2 54Plate),【α]D = -133.7o(c =
1 wt 堤 in m etha n olat28oC)･ H E MA a nd a s e rie s ofpolyethyle n e
glyc ol dim etba crylate(nG=2G, 4G,9 G,14 G, a nd 23 G)w er epu r cha s ed
fr o mS hin- Naka m u r aC he mic al Co., Os aka(Japa n). St w a s obtained
fr o mWakoPu r eChe mic alhdu strie s
,
Ltd･
,
Tokyo(Japa n).
A mixtu r eof10m m ol of A-Pr oOMe a nd HE MA o rSt wi th
desir ed c o mpo sitio n s a nd 1mlof etha n ol c o ntaining O･0 2m mol of
c r o s s-linking age nt w er e cha rged i-1tO a n8 m minte m al dia m etergla s s
a mpo ule withflatbotto m･
r
rhe a mpo ule w a s s ealdu ndernitr oge nga s
andthe nirr adiated fo r3 ho u rs at do se rate of 10 kGy佃 at25
oC u sing
y-r aysfro m a
60
co s o u r c e･ A fte rirr adiatio n, the s olida ndtr a nspar e nt
polym e rgels w e re obtain ed in r od-likefor mby s epa r atlngthe produ ct
●
fr o mthe a mpo ule･ This produ ct w a s w a shed withe x c e s s etha n olat
2 5oCto r e m o ve u n r e a cted m o n o m e r･ The polym e ryield, which w as
defined a sthe etha n ol-in s olublegel, w a s94I 97 %･ m e obtain edgels
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we r e al ow ed to sw el且 in disもi且1ed-de豆o niz ed w ate r at O
oC
,
the n
lyophilz ed, a nd r e s w ole nin water at O
oC fo訂 3 w e eks･ S帆 ctu ral
fo r m ula e of gels con sisting ofA -Pr oOMe, H E M A, St, a nd nG (2G:
diethyle n e glyc oi dim etha c rylate, 4G:
dim etha c rylate, 9 G: n o n a ethyle n eglyc ol
tetr ade c a ethyle n eglyc ol dim etha c rylate, 23G:
dim etha crylate)a r e sho w nin Figu r eI.1.2.
tetr a ethyle ne glyc ol
dim etha c rylate, 1 4G:
tric o s a ethyle n eglyc ol
i1.2 Dete min atio n ofgelsw elling
1)H E M A, HE M ANP, andHEMA/St
nledegr e e ofsw ellingofthe gel in s alin e s olutio n w a sdete rmin ed
us i ngthefollow ing equatio n :
Sw elling(%)≡ 10 0(Vs - Ⅴ｡)/V｡ Eq. 1.1
whe r eVs a nd V. ar ethe s w olle n v olu m e a nd 也e originalvolu m e ofthe
gel, r e spe ctiv ely･ Vs a nd Vo were determined by m e a su m ng the
bu oyan cy and 也edIγ W eightofthegel.
The w ate r c ollteI一t Oftil egel w as c alc ulated by the fbllo w l ng
●
equ atio n :
wate r c o nte nt(%)- l
'
00(Ws - Wd)P s Eq. 1.2
whe r eWs a nd Wd a r ethe s w ollen w eight a nd the dry w eight ofgel,
r e spe ctiv ely･ W s wasdete r min ed fo r e a chgelbyblottingthegel with
a pape rto w elto re m ove e x ce s s w ate r a nd w eigbing･ W d W a s
dete r min edafte rdryingthegelin v a c u u m.
¶l e S W ellin
.g
beha vior of poly(HE MA), poly(HE M A/VP), a nd
poly(HEM A/St)gelsin s aline s olutio nis sho w nin Figur e1.2.i.
r
nl e
per c e nt of s w elling, inin c r e as i ng O rde r, at 20, 37, 45a nd 60
oC w as
fo u ndtobepoly(H EM ANP,50/50wt %)gel> poly(HEM ANP,60/40
wt%)gel> poly(H E M A/V P,7 0/30wt %)gel> poly(H E MA〝P,90/10
wt %)gel> poly(H E MA)gel> poly(H E MA/St,9 5/5 wt%)gel. T he
sensitivity ofs w ellingto te mpe r atu r ein c r e a s ed with inc r e a s ing V P
c o nte nts ofthe gels･ Poly(H E M A/St)a ndpoly(H E MA)gels sho w ed
-6-
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alm o st c o n sta nt s w elling 血
･
o m20to60oC. T he s e r e s ults de m o nstrate
that the pe rc e nt swelling l n C r e a S ed with a nin c r e as ein hydr ophilic
●
m o n o m e r c onte ntin the ge且s, a nd that the. pe r c el-i SW ellil-g C an be
r egulatedfr o m46to195 %at37
oCbythe additio n ofSta ndV P.
Figu r el･2･2 sho w sthe pe r ce nt w ate r c o nte nts ofthe s egels･
W ate r c o nte nt in the gels ill C r e a S ed with ill C reaSl ng hydr ophilic
m o n o m e r c ollte ntiilthegela nd de c re a s ed with in c re a sl ngte mpe rature･
2)A -Pr oOMe/riE M Aa ndA -Pr oOMe/St
T he gels, which w e r epreviously sw olle nin w ate r at O
oC fo r3
w e eks, w ere tr e ated at the pr e s cribed te mperatu r e s･ T he pe r c e nt
s w ellil･lg Oftl- egel w a sgr avil-1etric ally e stilTlated a c c o rding to the
follo w u lg equatio n :
Sw elling(%) = 100(W - W .)/Wo Eq. 1.3
whereW istil e W eigl-t ofs w olle ngeland Wois 血e w eightof driedgel･
T he te mperatu r e depende n c e of perc e nt sw elling of poly(A -
Pr oOMe/f･IE M A)gelsin w ateris sho w nin Figu re1.2.3as afu n ctio n of
rn o n o m er c o mpo sitio n･ A lo w e r critic als olutio nte mpsr atu r e(L C ST)
ofpoly(A -Pr oOMe)w a s appr o xim ately14
oC in wate r. In apoly(A -
Pr oOMe)gel,the sw elling-de s w ellingkin etic s o c c u rr ed dis c o ntin u
'
o u sly
a r o u nd the LCS Tte mpe r atu r e, le ading to a cha r a cte ristic the r m o-
r e spo n s e s u ch a slo w-te mperature s w elling a nd high-te mperatu r e
de s w elling･ H o w e v e r, this re spo n s eis m arkedlyinflu e n c ed by the
intr odu ctio n of H E M Am oiety,in whichthe poly(A -Pr oOMe什ⅠE MA)
gel e xhibited a cqntin u o u s sl-rinkage w 地 a ris einte mper atu r e upto
50
o
C afte r sho w l ngthehighests w el ingatO
o
C. Ontheba sis of thedata
ofFigurel･2･3, a r elatio n shipbetw e e ntilegels w elling a nd m o n o m e r
c o mpo sitio n w a s r eploued andis sho w nin Figu r el･2･4 a s afu n ction of
te mper ature･ Til eintr odu ctioI1 0f H E M Am oiety ln the c opolym e r
m a rkedlyretards n ot onlythe degre e ofgels w elling atO
oC but als othe
degr e eofgelshrinkage at20
oC･ T he r e s ulting sw elling-de s w elling
beha vio rdis appe a r ed pe rfe ctlyfo rpoly(HEM A)gel. The effect of
n u mbe r ofetllyle n eglyc olu nits【(CH2CfI20)n]in cr o s s-linking age nt,
nG
,
o nthe perc ent s w elling ofpoly(A-Pr oOMe/H EM A, 9.0/1.0 m m ol)
gels c o ntal n l ng O･02 m m ol of nG is sho w nin Figu r e1.2.5. the
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Figu r el･2･2 Water c o nte ntofthegelv e rs u ste mper atu r e:
(0)poly(H E M A/V P,50/50wt%),(㊨)poly(H E M A/
V P
,
60/40wt%), (A)poly(H E M ANP,70/30wt%),
(A)poly(H E M AノV P,90/10 wt%),(□)poly(H E M A),
a nd(圏)poly(H E MA/St,95/5 wt%).
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Figur e1.2.3 Te mpe r atu r edepe ndenc e ofpe rc e nts w euingof
poly(A - Pr oO Me/liE M A)gels withc o mpo sitio n s
of(A)10.0/0.0,(0)9.5/0.5,(口)9.0/1.0,(A)8.0/2.0,
(㊨)7.0/3.0,(閤)5.0/5.0, a nd(◇)0.0/10.0 m m ol.
Ⅵ1egels, whichw e repr e vio u slytr e ated with w ate r
atOoC fo r3 w e eks, w e retre ated at te mper atu re s
of 10
,
20
,
30
,
4 0
,
a nd 50oC fo r24 ho tlrS.
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Figu r el･2･4 Effe ctof m o n o m er c o mpo sition on 血epe rc e nts w elling
ofpoly(A-ProOMeノ朋E MA)gels c o n sistingof10m molof
a mixture of A-Pr oO Me a nd H E M A･ Thegels, which w e re
pre vio u slytre atedwithw ate r at(0)OoCfor3 w e eks, w e re
tr e atedat te mpe r atu r es of(口)20a nd(A)50
oCfわr24
bo u rs.
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Figur el･2･5 Effe ct ofn u mbe r ofethyle n eglyc olu nitsin c ro ss-linking
agent, nG, o nthepe rc e nts w ellingofpoly(A -Pr oOMe/II E M A,
9.0/1.0 m m ol)gels c ontaining0.02m m olofnG. T hegels,
wllicb w e repr e vio u slytreated with w ater at(0)O
oC fo r3
w e eks, w e retr e atedat te mper atu陀 S Of(ロ)20a nd(A)50
oC
fo r24 ho u rs.
-1 3-
hydrophilicity ofc r o ss
-linking age ntsin cre as e s with in c re a si ngn u mbe r
●
of ethyle n eglyc oi u nits in nG･ In a str o ngly hydr ophobic 2G
-
c o ntal n王ng gel, thepe r c e nt s w elling w a s relativ elyhigh, c o mpar ed with
● ●
that of other nG- c o nta五n lng gels,but n o effe ct w a s obs e r v ed with gels
in v olving cr o ss-且inkingage nts >4G･
T he te mpe r atu r edepe nde n c e of pe r c e nt sw elling of poly(A-
Pr oOMe/St)gelsis show nin Figu r e1.2･6 a s afu n ctio n of m o n o m e r
co mpositio n. A r e a s o n able the r m o
-re spon s e ap pe a r ed in poly(A -
Pr oOMe/St, 9.9/0.i m m oi) gel, in which the m a xim al s w elling of
appro xim ately480 %w a s obs e r v ed atO
oC, the nde c r e as edgr adu ally
withthe ris einte mpe r ature afterdecrea s edrapidlyto 20
oC
,
a nd fin ally
sho w ed a minim al le v elofappr o xim ately46 %at50
oC
,
a s r e s ultingl n
ap pe a r a n c e or r e v e r sible s w elling
-te mpe r ature pattern. T ber m o-
responsiv efun ctio ndis appe a r edbyd一eintr odu ctio n of St m o r etha n50
m ol % in gelbe c a u s e of a stro ngly hydr ophobic effe ct ofpe nda nt
pbe nylm oiety.
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Figu r ei.2.6 Te mpe ratu r edepe nde n c e ofperc e nts w ellingofpoly(A- ProOMe
/St)gels withc o mpo sitio n s of(0)9･9/0･1,(A)9･5/0･5,(′
□)9･0/1･0,
and(%)5.0/5.0 m m ol. Thegels, which w e repr e vio u slytr e ated
with w ate r atO
oC fo r3 w e eks
,
w e retre ated at te mpe r atu re s of 10,
20, 30, 40, a nd 50
oC fわr24 ho u rs.
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Ⅰntrodu ctio n
M o st ofthe kin etic studie s ofgelsw eling w e r efo c u s ed o nthe
u nde rstanding of die uptake of w ater whe ndried gelw a sim m e rs ed in
aqu e o u s s olutio n[76-84]･ W ith r ega rd to s w elling kin etic s of
intel igentgel, the s w ellingbeha vior ofthe r mo
-r e spo n siv egels w e r e
studied bycha nglngthe e nvir o n m e ntalte mper atu r e,in clo s elyr elatedto
●
the c o ntr oledr ele a se of drug. Thepha s etr a n sitio n ofthe s egels c o uld
be explained by m atrix pu mpl ng m e Ch anism･whichis cha ra cteriz edby a
r apidshriI-女age ofthegel 血r o ugh ho n eyc o mb
-likepo r e s･
In this r epo rt, the s w elling- de s w elling kin etics w e rein v e stigated
with r ega rdto a ctiv atio n e n e rgy c alc ulatedfr o mthe Ar rhe niu spユot･
M o r e o v e r, in orde rto inve stigate the r elation ship betw e e nthe dr ug
r ele a s e a ndgels w elling,9
-β- D - a rabin ofur a n o sylade nin e(Ara- A)as a n
a ntivir al drug w a sin c o rpo r atedintotw otype s ofpolym ergels s u ch a s
poly(A-Pr oO Me/H EMA)andpoly(A-Pr oOMe/St)gels[74,8 5].
$2.IPoly(A- Pr oOMe/HE M A)gels
1)Sw ellingkiI一etic s
Poly(A-Pr oOMeノHEM A)gels u s edinthis study w ereprepa red by
the m ethod de s c ribed in蚤1･1,C hapte r1a ndpe r c e nt sw ellir)g ofthe
gelw a s calc ulateda c c o rdingto Eq. 1.3.
Indesw elling, the gelw astr e atedat temperatu r e s of 10,20,3 0,4 0,
a nd 50oC afte r s w elling pre vio u sly with w ate r atO
oC(ic e- w ate r syste m)
fo r3 w e eks･ The r ate c o n sta nt(kd)for gelde s w elling w as c alc ulated
fr o mthe slope ofalin e arplot ofpe r c e nt s w elling agai n st the squ are
r o ot oftim e･ On the othe rba nd, the spe cim e n w a spr e vio u sly
de s w olle nin w ate r at50oC u ntilequilibriu mis re a chedandthe ntr e ated
-16_
at te mper ature s of 0, 10, 20,3 0, a nd 40
oCto e stim ate the r ate c o nsta nt
(ks)fo rgels w elling. Activ ation ene rgies(IA E[)w e re c alc ulatedfr o m
plots of lnkd V e rS u S且rF fo rgel de s w el且ing a nd ln ks v e rs u slrT forgel
s w elling, re spe ctively.
T hese r e s ults a r e sho w nin Figu re2･1･1 fo rgel s w elling a nd in
Figu r e 2･1･2･ fo r de s w elling u sing fo r a ne x a mple poly(A -
ProOMe/H E M A, 6･5/3･5 m m ol)gel･ h a ny c a s e, a plot ofpe r c e nt
s w elling v e rs u sthe squ a re r o ot oftim egw es astraightlin e whichha s
c o rrelatio n c oeffic e nts(r)ofO･98o r abo v e. Su ch alin e a rplot could
be obs e r v edin allgels u s ed in this report･ The s w elling-de s w elling
kin etics of a poly(A - ProOMe/f･iE M A, 9.0/1.0 m m ol)gel whe n cycled
betw e e n0 a nd30oC in w ate r at24-ho u rinte r v als a r e sho w nin Figtlr e
2･1･3･ On tileim lⅥe rSio n oftⅠ- egelpr e s w olle n atO
oCin w aterkept at
30oC
,
r apidshrinkage to okpla c e u ntilequilibrium w a s r e a ched afte r8
ho u rs･ hl c o ntr ast,in gelr e s w elling,pe riods required forthe s atu r ated
s w elling w e re appr o xim ately 18ho u r s. It w a s c o nfin ed thatthe
s w elling-de s w elling kiIletic s at 24-ho u rinte r v als a r e r e v e r sible
througho ut a n e xperim e ntalpe riod of 7 20 hotl rS. T he appe a ra n c eof
thegel w a stra n slu c e ntin s w olle n state atO
oC,ho w e v e r, this cha ngedto
be c o m e a n opaqu e a s a re s ult ofr apid sllrillkage ofthe whole gelat
30oC.
The r ate c o n sta nts e stim ated 血･o m thele ast squ a re s m ethod a r e
s um marizedin Table 2･l･1 fo rgels w elling(ks)a nd Table2.1.2 fbrgel
de s w elling(kd), r e spe ctiv ely. Fr o m ac ompa ris o n ofTable2.1.1 a nd
Table 2･1･2, it w a sro u nd that the de s w el ing pr o c e ss ofpoly(A -
ProOMe/Ⅰ壬EMA)gels proc e eds m u ch fa stertha nits s w eling pr o c e s s.
On the ba sis ofthe v alu e s of ks al-d kd, the a ctiv ation e n e rg yw a s
c alc ulated fo rpoly(A -Pr oO Me/HE M A, 6.5/3.5 m m ol)gel as sho w n
cle a rlyin Figu r e2･l.4. The abs olute v alu e ofa ctiv atio n e n ergy(TA EJ)
w a s obtain edtobe55･6 kJ/m ol fb∫gelsw elling and46.5 kJ血ol fo rgel
des w elling, r e spe ctiv ely･ Thisfinding m e a n sthat e n e rgi e s r equir edto
●
r esw el 血e de s w ollen gelislligbe rtha nthat requir edto de s w ellthe
s w olle ngel･ It w a s c o nfir m ed thatin de s w elling pr o c e s s, w ater
in v olv ed in highly sw olle ngelis s ubje ct toliberation fo r a r elativ ely
sho rt tim etogi v ethe shru nke n spe cim e n a nd,in r e s w elling proc es s,its
w ate r c a n n otbediffusedsimplyinto rigidlyshru llke ngels o w l ngtOthe
●
fo r m ation of str o nglyhydr ophobicba rrie r at the s u rfa c ein whichthe
r e s w elling ofthe gelis r equiredfo r a r elativ elylo ngtim e, pr opo sl ng
-17-
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Figure2.1.1 Sw ellingbeha vio r ofpoly(A -Pr oO MenlE M A,
6.5/3.5 m m ol)gelwhe ntr e atedat temper atu r es of
(O)0,(D)10,(A)20,(@)30, a nd(%)40
oC afte r
de s w elling pr e viously with w ate r at50
oC u ntil
equilibriu mis r e a ched･
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Figure2.I.2 Des wellingbeha vio r ofpoly(A -Pr oO Me/H E M A,6.5/3.5
m m ol)gelwhe ntr e atedat te mpe r atu r e s of(0)10,(□)
20,(A)30,(㊨)40, a nd(盟)50
oC afte r s welling
pr e vio u sly with w ate r atO
oCfo r3w e eks･
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Figur e2.1.3 Sw elling-des w eⅠ1ingkin etic s ofpoly(A -ProOMe/
H E M A
,
9･0/1･O m m ol)gelwhe n cycled betw e e n
O a nd 30oC in w ater.
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Table2.1･1 Effe ct ofc o mpo sitio n o nthe rate c o n sta nt(ks)of
poly(A -Pr oO Me/llE M A)gels whe n乞r ated at
te mpe ratu re s of O,10, 20,30, and 40
oC afte r
de s w elling pre vio u sly w 地 w ate r at50
o
C u ntil
equilibriu mis reacⅠled
Co mpo sition (m m ol) ks fo rgel s w ellirlg(%/minl/2)
A -ProOMe li E M A OoC IOoC 20oC 30oC 40oC
9.5 0.5 11.6 8.56 1.28 0.684 0.360
9.0 1.0
8.b 2.0
6.5 3.5
5.0 5.0
5.94 5.94
7.21 4.40
4.41 2.34
2.12 1.53
3.5 6.5 1.29 0.953
1.36 0.800 0.336
1.56 1. 4 0.193
1.76 0.5 47 0.176
1.32 0.470 0.126
0.613 0.375 0.2 4
-2 ト
Table2.1.2 Effe ctofc o mpo sition onthe r ate c o n sta nt(kd)of
poly(A -Pr oO Me作iE M A)gels when tr e ated at
te mpe r atu r e s of 10,20, 30, 40, and 50
oC a氏er
s w ellingpre vio u slywithw ater atO
o
Cfo r3 w e eks
Co mpo sitio n (m mol) kd fo rgel de s w elling (%/min
t/2)
A -Pr oO Me llE M A 1OoC 20oC 30oC 40oC 50oC
9.5 0.5 5.41 17.1
9.0 1.0 7.81 9.33
8.0 2.0 4.71 9.75
6.5 3.5 2.53 5.86
5.0 5.0 1.39･ 2.69
3.5 6.5 0.699 1.6
27.9 52.3 74.0
24.9 38.7 6.0
23.2 42.9 7 3.4
10.1 20.0 28.8
4.57 6.54 8.66
1.85 2.18 2.78
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Figu r e2･1･4 Arrhe niu splotsfo r(㊨)s w euing and(0)de s w elling
ofpoly(A -ProOMe仰E MA,6.5/3.5rr m ol)gel.
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that this gaplSinflu e n c ed bythediffe r eilCein physic alcha ra cte
ristic of
the gel. Su ch a te nde n cy w a ssimila rly obs
e r v ed fo rpoly(A-
pr o Me/H E M A)gels with othe r c o mpo sitio n s a s s u m m arized in Table
2.1.3. Table 2.1.3 als o show ed that in cr e a si ng the A
-Pr oO Me
c ompo sitio nin the gel in c r e a s e s a ctiv atio n e n e rg
ies(1A E8)in boththe
s w elling pr oc ess a nd the de sw el ing pr o c e s s･ T his c a u s e c a nbe
e xplain ed a sfollo w s･ T he rich gels of A
-Pr oOMe compo sitio n s
o c cluded a la rge a m o u nt of w ate rin side the gel belo w the LC ST
tempe ratu r eto glV ehighly s w ollen gel･ T his w ate rha s a str o
ng
affinty with pe nda ntPr oOMe m oiety(binding w ater)･ The drivillg
for c eto br e ak this affin ty c a nbe contr olled by cha ngi ng the
te mperature･ hlde s w elling, the gel w a s changed into sm allgla s s
-like
r l aS SWith a slighta m ountof w ate rfr o mbigspo nge
-like gel in volvinga
la rge a m o u nt of w ate r･ Itiskn o w ndl at也e pe nda ntPr oOMe m oietie s
with a flat plate-like stru ctu r efor m s abig clu ste r, a s r e s ulting ln
appe a r a n c e of str o ngly hydr ophobic fu n ctio ndu ringthe cou rse of a
de s w ellillg【86〕. Ⅵle e n e rgy requiredtobre aktl-isllydr opl10bic clu ste r
is m u ch la rge rtha n that required to br e ak the affinty betw e e nthe
pe nda ntPr oOMe m oietya ndtl-e w ate rin sw ollel一State･
011the otl一erba nd, H EMA w a siIltr Odu c edilltOtilegel in orde rto
giv ethehydr ophilicfu n ctio n which ha s aw eak affintyfo r w ater(fr e e
w ate r). As c an be s e e n cle a rlyin Table 2.1･3, the a ctiv ation e n e rgy
sho w ed a m a rked de c r e a s ewith in cr e a si ng H E M Ac o mpo sitio nin the
gel･ This m e a ns that the e n e rgyr equired to m ov ethe fre e w ate r
s u ro undingthefⅠE MA m oietyl S a r elativ elylow ･
2)Rele a s ekin etic s of Ar a- A
Thelo ading of Ar a- Ainto the gel is don e asfollow s･ The gel
s w olle n with w ate r atO
oC (ic e- w ate r syste m) fo r3 w e eks w a s
lyophiliz ed and the nthe lyophiliz edgel(appr o xim ately Ilo g) w a s
im m e rs ed in Ar a- A s olutio n wbicb w a s obtain ed by s atu r atl ng With a
●
10/90ャol% w ater/m e山 a n ol mixture atOoC. T hedn鳩 -lo adedgel w a s
againlyopbilized a ndr eim m e r s ed in w ater atO
oCju stbefわr eits u s e･
To e v alu atethein vitro r ele as e of Ar a- Afr o mthe rm o-r e spo n siv egels,
e speciallyin desw elling, the drug-lo adedgel w a sdir e ctly putin a50 ml
gla ss vial filled with w ate rm aintain edat te mperature s of10, 20,30, 40,
and 50oC. The aln O u nt Ofr ele a s ed drug w a s a s s ayed at259 n m with a
-24-
Table2.1.3 Activ aLioll e nergies(払Eけfor s w elling arid de s w ellingof
poly(A - Pr oO Me/H E M A)gels
Co mpo sitio n(rn n 3 01) 払El (kJ/mol)
A -ProOMe FIEM A Gels w elling Gel de s w elling
9.5 0.5
9.0 1.0
8.0 2.0
6.5 3.5
5.0 5.0
3.5 6.5
67.4 48.6
66.0 4 4.1
6 0･5 53･羊
55.6 46.5
49.2 34.8
32.6 23.6
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Hitachi U･-3210spectr ophoto m ete r･ Thein vitr o r el a se r ate ofAr a
- A
(kA, a_ A)w a sc alc ulated fr o m血e slope ofaplot ofthe c u mulativ e a m o u nt
ofrele a s ed dr ug v ersu sthe squ a r e r o ot oftim e･
Itis w ell-kn o w nthat the
■in vitro r ele a se of dr ugfr o mpolym er
m atric e sfollo w s a str aightlin eagain st 血e square r o ot oftim e[87-92]･
In this study, theiT ”ilr o r el a s e of Ar a
- Afr o mthe m ”-r e sponsiv e gels
w a sals ofo undto follo wthe str aightlin e again stthe squ ar e r o ot of
tim e. 那l e r ate C O n Sta ntS(kA,a. A)ofin vitr orele a s e of År a- A c alc ulated
fr o mthe slopes ofthe lin e a rplots by the le a st squ are s m ethod are
s um m a riz ed in Table 2.1.4. Figu r e2･1･5 sho w sthe r elatio n ship
betw e end一ekd V alu efo rgel de swelling a ndthekAra- A V alu efo rthedr ug
r ele a s e a s afu n ction of gelc o mpo sit主o n･ In ac c o rda n c ewith this
r elation, aplot of kd V e rs u skA,a- A W a sfo u ndto be a str aightline･ It
sho uldbe c o ncluded her ethat, illde sw elling pr o c e s s, the m atrix
pumplng Ofthe gel, whichis cha r a cteriz ed by a quick diftlSiol ”f
●
s ubsta n c es s u ch as w ate r a nd drugsthr o ughthe poro u s stru ctu redu ring
血e c o u rs e ofa･shrinking ofthe whole gel,plays a n e s s e ntialr olefo rthe
in viEr o r el a s e of Ara- A.
Ar a- A r ele a s ebeha vio rfr o mgel whe n cycledbetw e e nlO
oC a nd
37oC at60- min uteinter v als afte rpr etr e ated 畠tlO
oC fo r24 ho u rs w a s
depictedin Figu re2･l･6･ The gelemployed, which has r od
-likefo r m
with a siz e of 8m m in dia m ete r a nd 5 m m in le ngth, in v olv e s
appr oxim ately4･5 mg of Ar a
- A･ Ⅷ e rele a s erate atlo
o
° w a sabo utll
ngAl,in c o ntr a st to about33 ngnl at37
oC
,
s ugge stingthat the r ele a s e
beha vio r ofdrug whe n cycled atdiffe r e nt te mpe r atu r e sis r e v e r sible.
T he c a u s e orthe bigb r ele a s e of Ara- A at37
oC couldr e adily be
● ●
e xplain ed o ntheba sis ofthe m atrixpu mpl ng m e cha nis m o w l ngtO tile
shrinkage ofthegel. On the otherha nd, the diffusio n of w ate rfr o m
血e s u血ce ofthe shnl nke ngeltoitsinterior m ay play a nimporta nt
r olein 血elo wle v elof dmgrele a s e atlo
o°.
3)M icr o s c opic obs e Ⅳ atio n
The appe a r a n c e ofthe r m o-r e spo n siv egels afte r s w elling a nd
de s w el ingln W ate r W as Obs erv edwith aJe oI J XA-7 33s c an n ing ele ctron
● ■
mic r o s c opy (SE M). Fo r this pu rpo s e, the gels tr e ated w e r e
im m ediatelyim m e rs ed inliquidnitr oge n(-196oC), the nlyophilized,
a ndobs e Ⅳ ed mic mscopic ally.
- 26-A
Table2.I.4 Rate c o n sta nt(k r^ ｡_ A)fo rin vilro rele a s e of Ara- A fro m
poly(A- ProO Me/I-氾M )^gels
Co mpo sitiol (m m ol) kA.･a_ ∧ for Ara- A rele a s e(LLg/mint/
2)
A -ProOMe 王i E M A 10
oC
9.0 1.0 8.12
6.5 3.5 7.94
5.0 5.0 8:05
20oC 30oC 40
o
C 50oC
17.2 15.4 28.6 38.5
10.0 11. 17.0 16.3
9.69 1i.4 12.1 1
1
6.6
Ⅵ1 edrug-c o ntaining gels w e retre ated at te mpe r atur e s of 10,20,30, 40, a nd
50oC a氏ers w elling previously with w ate r atO
oC.
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Figu r e2.1.5 Relatio n shipbetw e e nthede s w ellingrate c o n sta nt(kd)of
poly(A -ProO Me/H E M A)gels withc o mpo sito n s of(0)9･0/1･0,
(A)6.5/3.5, and(□)5.0/5.0 m m oltre ated at te mpe r atu r e s of
lO,20, 30, 40, a nd 50
oC afte rsw elling pr e vio u slyatO
oCfo r
3 w e eks a ndthein vitro r ele as erate consta nt(kAra_ A)of Ar a-A
fr o血 gels.
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Figu r e2.1.6 I'川iEr o rel a s ebeha vio r of Ara
- A from poly(A -Pr oO Me/
HE M A,9.0/I.0 m m ol)gelwhe ncycled betw e e n10a nd 37
oC
at60- min uteinte Ⅳ als.
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T he physic al stm cture ofthe r m o-re spo n siv egels w a s. in v e stigated
mic r o s c opicaly a nd it c a nbe s e en cle arlyin Figu r e2･1･7 which sho w s
the SE Mphotogr aphs of a poly(A -Pr oOMe作托 M A,6･5/3･5 m m ol)gel
at the c r o s s-s e ctio nbefo r e and after de s w elling at 50
oC. The gelin
s w ollen statebefo r etr e ati ngltat50
oC ha s m a nybig po re s which c o n sit
of a ho n eyc o mbstr u ctu re･ No s uch hon eyc o mb
-like po r e s appe ar ed
whe n de s w ol e n at 50
oC at which the siz e of po r e sde c r e a s ed
a c c ompanyi ng a Shrinkage of 血e wholegel.
r
ml er efo r e,itis c o n cluded
I
that w ater o c cluded in sidethe gelcan be easilyrele asedo utdu ringthe
shrinkage, n a m ely, a m atrix pu mpi ng m e cha nis m, a sthe appe a r a n c e of
low e r a ctiv atio n e n e rgyfo rgel de sw elling l S affe cted by a m atrix
pu mpi ng m e cha nis m.
$2.2 Poly(A- Pr oOMe/St)gels
1)Sw elling-desw ellingkinetic s and a ctivatio n e n e rgy
T he poly(A - Pr oO Me/St) gels w e repr epa r ed a c c o rding to the
m ethod de scribed in il･1, Chapte rl･ The r ate c o n sta nt(kd)ofgel
de s w elling with w ate r at 50
oC afte rthe specim e n w a spr e vio u sly
s w olle nwith w ater atOoCfo r3 w e eks w a s e stim ated fr o mthe slope ofa
lin e a rplot ofpe r c e nt s w elling aga ln Stthe square ro ot oftim e, u si ng
the r m o-r e spo nsiv e poly(A -Pr oOMe/St) gels with c o mpo sitio n s of
9･9/0･1,9･5/0･5, a nd9･0/1･O m I加1, a s sho w n cle a rlyin Figu r e2.2.1,in
which they w e r e obtain ed to be 54.1, 40.9, a nd 7.8 1 %/mi血
l/2
,
r e spe ctiv ely･ On the c o ntr a ry, the r ate constant(ks)fo rgels w elling
w as e x amin ed by s w el inglt atO
oC afte rthe spe cim e n w a spr e vio u sly
de s wolle n with w ate r at50oC･ Tl-eks v alu e s ofpoly(A -ProOMe/St)
gels with c o mpo sitions of 9.9/0.1, 9.5/0.5, a nd 9.0/1.0 m m ol w e r e
fo u ndtobe 13･5,4･98, a ndl･91 %/min
t/2
, respe c(iv ely. T heks a nd kd
m e a s u r e m e nts w e re als o do n e at othe r te mpe r atu r e s, e･g･ at
te mpe r atu re s oflO･ 20･ 30･ a nd 40
oC afte rde s w elling pr e vio u sly with
w ate r at50oC fo rsw elling pr o c e ss ai-d, o nthe c o ntr ary' at te mpe rature s
of 10, 20, 30, a nd 40
oC afte rs w el ingpr e vio u sly
J
with w ate r atOoC for
des w elling pro c e s s. T he s e res ults a r e s u m m a riz ed in Table 2.2.1 fo r
geldes w elliI-g a nd Table 2･2･2for gel sw elling･ Fr o m a nAr血 e niu s
plot of ln ks ve rs u slrr o rln kd V e rsus lq , the a ctiv atio n e n e rgies
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Figu r e2.1.7 S E M Photographs ofpoly(A-ProOMeniE M A,6.5/3.5 m mol)
gelat the c r o s s･ e ctio n whe ntr e atedat(a)50
oC(xlOOO)
for30min ute s after sw ellingprevio u sly withw ate r at(b)0
oC
(xlOOO)fo r3 w e eks.
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Figu r e2･2･1 De s w elliⅠ1gbeha vio r ofpoly(A-Pr oO Me/St)gels witⅠ一
c o甲PO Sitions of(0)9･9/0･1,(A)9･5/0･5, a nd(口)9･0/1･O
m moltr e atedatate mpe ratu re of 50
oC afte rs w elling
pr e vio u slywithw ate r atO
oC fo r3 w eks.
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Table2･2･1 Effe ct ofc o mpo sitio n o nぬe rate c o n sta nt(kd)of
poly(A -Pr oO Me/St)gels whe ntre ated at te mp?ratu res
of 10;20,30, 40, and 50
oC after s w ellingpr e v l O u Slywith
w ate r atOoC for3 w e eks
Co mpo sition (m m ol) kd fo rgel deswelling(%/minュ/2)
A -Pr oO Me Si 10oC 20oC 30oC 40
o
C 50oC
9.9
9.5
9.0
0.1
0.5
1.0
4.73 13.0 1 8. 44.6 54.1
4.02 6.61 l l.5 29.9 40.9
1.67 2.46 4.76 5.84 7.8且
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Table2.2.2 巳ffe ct ofco mpo sition onthe rat.e c oモ-Sta nk(ks)of
poly(A -Pr oOMe/St)gels whe ntre ated at te mpe r atu r es
of O, 10, 20, 30, and 40
oC a一te rde s w elling pr eviously
with w ate r at50o C u ntilequilibriu mis r e a ched
Co mpo sitio n(m m ol)
A-Pr oO Me
”
9.9
9.5
9.0
A
0.1
0.5
1.0
ksfo rgels w euing (%/mini/2)
30 ℃ 40℃
kd d
0.886 0.292
0.402 0.219
0.264 0.146
o℃ 10℃ 20℃
仙 ■l■ ■■ ■ ■叩 ■ ■ ■■ ■ ■■▼ ■■■ ■ 申■
13.5 6.23 1.60
4.98 2.36 0.622
1.91 0.520 0.283
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(I△E[)fortw o pr o c e s s e s w e rec alc ulated, u singfo r a nexample poly(A -
Pr oOMe/St,9･9/0･1 m m ol)ge且a ssho w nin Figu r e2.2.2. Activ atio n
e n e rgie s w e r e obtain ed to be 68.2 kJ/m ol fo rLgel s w eling a nd 46.7
kJ/m ol fo rge且 de s w euing. As su mm a riz ed in Table 2.2.3, the
a ctiv aもio n e n e rgyfo rgel desw ellinglSge n e rallylo w c o mpa r ed wi血that
for gel s w eling, s ugge sti ngthat the de swe且1ing pr o c e s s ofthe gel
■
pr o c e eds fa ste rぬa mits s w elling pr o c e s s. As discu s s edin 昏 2.1,
Chapte r2, this diffe r e n c e m ay be related to ぬ e hydr ophobic effe ct
o w i ngtO ぬe pe nda ntphe nyl m oietyl nthe gel･ h s w olle n state, the
pe ndant Pr oO Me m oiety 且m the gel sho w s a str o ngly hydr ophilic
pr ope rty in w ate r, but the intr odu ctio n of St which a cts a s a
hydr ophobic phe nyl m oietyle ads to a nimbala n c ebetw e e nthe tw o
m oietie s･ Thisimbala n c e m ayindu c ethe quick shrinkage ofthe gel･
This is be c a u s ethe Pr oOMe and phe nyl m oietie s with a flaトplate
str u ctu r e a r ein c o rpo r atedtogethe ri且1tO ahydr ophobic clu ste rfo r m ed
du ring ぬe shrinkage ofthe gelabo ve 血eIJ CSTte mpe r atu re. On the
o血erhand, in sw elling, w ate r m ole cule sca n n otbe e asilydiffu s ed into
clu ste r ed m as switha str o nglyhydr ophobic pr ope rty, 1n Whichthelo ng
period oftim e may requirefor the rela x atio n of clu ste rs. It c a nbe
s e e nin Figu re2.2.3 which shows the propo s ed m odel s che m efo rthe
fo r m atio n of hydr ophobic clu ste rs c o n sisti ng Ofpe ndantPr oOMe a nd
phe nyim oietie sin w ate r abo v etil eLCSTte mpe ratu re.
2)Rele as e of Ar a- A
Tbel10 ading of Ara- A intopoly(A-Pr oOMe/St)gelsis a sfollo w s.
T hegels且yophilized(appro xim atelyO･5g)w e r eirr m e rs ed in a nAr a- A-
c o ntaining s olutio n(0.06 w/v % c o n c e ntr ation)until血e equilibriu m
w as r e a ched,in whichthedrug w a sprevio u slydiss olv ed with a 10/90
v ol% w ate r/m etha n ol mixtu r e atOoC(ic e- w ate rte mperatu r e). The n,
the gels w e r elyophiliz ed agai n. T hein vitr o r el a s e ofAr a
-A fr o m
this gel(3 drug-lo adedgels/gro up), which w a spre s w olle n with w ate r at
OoC, w a spe rfo r m ed in a5 0 ml gla s s vial filled with w ater at
te mpe r atu r e s of 10, 20, 30, 40, a nd 50
oC as afu n ction oftim e o rby
r epe ati ngbetw e e n0 a nd30
oC at60- min uteinte Ⅳ als･ Ⅵ- e m ediain
vials w e r e e x ch.a nged fre shly e a ch a s s ay. The a m o u nt of Ara
- A
r ele a s ed &as a s s ayed at 259 nm with a Hita chi U-32 10
spe ctr ophoto m ete r, c o nfir m i ngthatits am o unt w as r eprodu c ed within ＋-
-35-
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Figu re2.2.2 Arrhe niu splotsfo r(@)s w ellinga nd(0)desw elling of
poly(A -ProOMe/St,9.9/0.1 m mol)gel.
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Table2.2.3 Activatiol H n e rgie s(IA El)for s w ellingand de s w ellingof
poly(A -Pr oO Me/St)gels
Co mpo sition (m mol) lA El (kJ/m ol)
A -Pr oOMe St Gels w elling Gel de s w elling
9.9
9.5
9.0
0.1 68.2 46.7
0.5 58.1 46.7
1.0 4 1.8 30.1
-37-
Phe mymn o孟e色y
Q馳畳c敗desw e且畳量mg
Pr oO Me m o芸ety
i
S且o w s w e漫且畳mg
Figu r e2･2･3 Propo s edshe m efor F e VerSiblepha s etran sitio n of
poly(A-Pr oOMe/St)gels re spo ndingtote mper ature
cba nge sin w ate r.
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5 % ･ 7ne r ate c o ilSta nt(kAr a･ A)fordrug rele a s e w a s e stim ated fr o m a
lin earplot ofcu mulative a mo u王It Ofre且e a s ed dr ug versus the squ ar e r o ot
oftim e.
T he c u ul uiativ e a mo unt of Ar a- A r ele a s ed in vitro fr o mpoly(A -
Pr oOMe/St)gels w a sdete r min edtoin v e stigatethe relatio n shipbetw e e n
the ge且s w e肋-g a nd dr ug rele a s e･ An e x a mple of血e r e s ultsis sho w n
in Figure2･2･4･ T he r ate c o n sta mts(kAra_ A)estim atedfr o mthe slope
w e r ereplotted aga m st thete mperatu re whe nthe gel w a sde s w olle n, a s
sho w n cle a rly l nFigu r e2･2･5. Ⅰn the c a s e ofpoly(A- Pr oOMe/St,
9.5/0.5 m m ol)ge且, the kAra_ A V alue sho w ed a m a rked in c re a s ewi ぬ
●
in c r e a sing te mpe r atu r e r equir ed fo rgel desw elling, ho w e v e r, in
poly(A - Pr oOMe/St, 8･0/2･O m m ol) gel witho ut the r m o- re spo n siv e
fu n ctio n, the r ate w a skept c o n sta ntat appr o xim ately6汁g/min
i/2inthe
ra nge of 10to 50
oC･
In o rde rもo e v alu ate the m atrix pu mpi ng fu n ctio n, the in viir o
rele a se rate of Ar a- A fro m atherm o-re spo n siv epoly(A -Pr oOMe/St,
9.5/0.5 m m ol)gel when cycled betw e e n0 a nd 30
oC at60- minute
inte rv als w a sdete r mined･ As c a nbe se e n c且e a rlyin Figure 2.2.6, the
bu rstr ele a s e of Ar a- A w a s obs e rv ed du ringthefir st2 ho u rsperiod a nd
the n sho w ed a cha r a cte risticpuls ate rele a s esu ch a s aslightam o u nt of
dr ug rele as e atO
oC a nd a go od de al of dr ug rele a s e at30
oC.
r
mlis
re sult sug ge sts the m atrix pu mpi ng m e cha nis m ofthe rm o-re spo n siv e
poly(A -Pr oOMe/St)gel.
3)M icr o s c opic obs e rv atio n
Fr o mtheSE Mobs e rv atio n,it w a sfo u ndthat athe r m o-re spo n siv e
poly(A-Pr oOMe/St,9.5/0.5 m mol)gel has m a nypo r e sin sw olle n state,
a nd als othatin de s w o且Ie n state the siz e ofぬe po r e r apidlyde c r e a s e s
a c c o mpa nyi ng a Shrinkage ofthe whole gel, a sthe w atet m ole ctlle
●
m o m e nta rily･rele a ses o ut fr o m the gel, by the m atrix pu mpi ng
m e cha nis m.
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Figu r e2.2.4 Cu m ulativ e a mou ntofAr a- A r ele a s ed in vi(rofr o m
poly(A-Pr oOMe/St)gels withco mpo sitio n s of(0)9.5/0.5,
(A)9･0/1･0, a nd(□)8･0/2･O m m oltr e atedatate mper atu r e
of loo° a触r sw ellingpre vio u slywith w ateratO
oC.
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Figu r e2.2.5 Cha ngesin r ele a s e rate c o n sta nt(kATa- A)of Ar a- A fr o m
poly(A -Pr oO Me/St)gels withc o mpo sitio n s or(0)9.5/0.5,
(A)9･0/1･0,(ロ)8･0/2･O m m oltre ated at te mper atu re sof
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Figu r e2･2･6 In viEr o r el a s ebehavio r of Ara- A fr o mpoly(A- Pr oOMe/St,
9･5/0･5 m m ol)gelwhe n cycledbetw e e n0 a nd30oC at
60- min uteinte r v als.
-4 2-
Ch血P色eq
1 3
P 鼠旺FO汲M U臥A
r
m O N OF 甘RAN,S D尻鼠鯛A臥 A 汲A
- A
D尻L‡Ⅴ民放Y SYS
r
柑 M: 闘旺M B取A N 監C 鯛A R AC 甘E汲耳ZA 耶O N
■
且ntr odu ctio n
Sill C ethefirst re sea rci- o ntr a n sde r m aldelive ry syste m(T王)S)w a s
is s u edin 1971【40-4 1】, m a ny tr a nsde ml alpatch syste m sha v ebeen
de v eloped【93]･ Tran sder m alpatchsyste m s c a nbe r o ughlydivided into
thr e ety pe s s u ch as a simple tw o-laye rBa nd- Aid-like c o n str u ctio n
syste m which is cha ra cterized by a ba ckinglayer c o ated with dr ug-
lo aded adhe siv e
,
a monolithic m atrixde vic e whichis char a cteriz edbya
ba cking laye r, a dr ug-lo aded m atri又 1aye r, and a s epa r ate adhe siv e
laye r, a nda re s er v oir syste m whichis cha ra cteriz edbya ba ckinglaye r,
a dr ug- c o ntaining re s e r v oir(u s u ally in liquid or gelform), r ate-
c ontr olling m e mbr a n e a nd adhesive laye r･ Ofthe s e syste m s, 血e
m aterialus ed a s r ate-c o ntr olling m e mbr a n e wils atisfythe follo w i ng
c riteria:(1)lo w c o st,(2)purity a nd a c c eptabilityfo r m edic alde vic e,
(3) e a s e of fabric atio n a nd stability, (4) e ase of m odific atio n.
Co n side ring thos e criterio n s a nd the c o ntr ol of dr ug r ele a s efr o m
tr a n sde r m alpatch depe nd upon tiledis e a s e c o ndito n, the the r m o-
r espo n siv epolym e rgels willbe apr efe r able m ate rial forthe rate-
c o ntr olling m e mbrane be c a u s e ofthe e a s eto cha nge the patch
te mpe ratu r e. 王n this chapte r, the m e mbr a n e cha r a cterizatio nfo rthe
de sign ofthe r m o-r e spo nsivetransder m alpatche s w a sin v e stigated[94],
u sing 9-β- D - a r abin ofu r a n o sylad?nin e(Ara- A) which
■
e xhibits a
● ● ● ● ●
significa nt a ntivir al a ctl V lty agai n sthe rpe s vir u s e s r eplic ating l n C ell
c ultu r e s
,
a nim als, a ndhum a n s[95-99].
r
n-isisbe c a u s eAr a- A is s ubje ct
to m etabolis m fo r a sho rt tim e afte rpe r c uta n e o u sabs orption a ndthe
re s ulting signific a nt effic a cyfo rhe rpe sthe r ap yc a n n otbe e xpe cted
●
[100]. To r e mov e this defe ct, it sho uld be inc o.rpo r ated into a
tr a n sde r m alpa.tch syste m withthe r m o-r e spo n siv egel m e mbr a n e as a
r ate- c o ntrolled m e mbr an e, u si ng S u chpolym er gelsyste m s a sH E MA,
H E M A/V P, a ndH E MA/St, whichgiv e a n e x c elle nt m e cha nic alstr e ngth.
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昏3.iPer m e ability of Ar a- A
1)Me a s urem e nt ofpe r m e abiltyc o effic ent
Ar a- A diffusion e xpe rim e nts w e r e c arried o ut us u 一g a tW O
-
cha mber diffu sio n c ellshow nin Figu r e3･1･l･ This c ellc o n sited of
tw ohalf- c eus divided
Ea ch c ell ha s avolum e
by
or
the pre- equilibr ated, sw ole n m embr aile･
1.5 ml a nd a n effe ctiv ediffu sio n al are a of
o.54- 0.67 c m2. T he stirrl ng W a s achie v ed bya s m all Teno npr opelle r
driv e nby a 150 rpn- c o-1Sta l-t- Spe ed m otor･ Pe r m e ability
m e a s u re m e nts w ere c arried o ut at37, 45, a nd60
oC u si ng
31i-labeled
Ar a- A illSalill eSOlutio n. Radio a ctivitylnthe doll O r C ella ndin the
re c eiv er c ellw e r e m e a s ured atpredete rmin edtim e swith a Be ckm a n
LS-7500 liquids cil-tillation c o u nter･ Cu mulative am o u nt of Ar a
- A in
the re c eiv e r c ell w a splotted a s aful Ctio n oflim e･ T he m e mbrane
pe m e abilityc o effic ent(P)w a s c alculatedfro m the steady-?Latepo rtio n
ofthis ctl rvebythefollo wing equ ation u nde r sink c o ndition[101]:
p - 離 叫 3･1
where A is the effe ctiv ediffu sio n al a r e a a nd Co is the Ar a- A
c o n c e ntr atio ninthe do n o r c ell. The slope og血e c urveis de noted by
dM/dt (m as stran sfe rpe r u nit tim e). As the effe ctiv epe r m e ability
c o effic e ntfo rthe c o mbin edtw o aque ousbo u ndarylaye rsis a r o u nd 5Ⅹ
10
14
c m/sfo rthe pr e s e nt appa r atu s, thebo u nda rylayer effe ct c o uldbe
c o n side red s m allo r n egligible. The m e mb;an e s u s ed w e r epr epa r ed
a c c o rdingto the m ethod de s cribed in $I.1, Chapte r1. M e mbr a n e
thickn es swa sc o ntrolledby usl ng the space rs withdiferentth ickne s sin
the m old.
2)Re s ults a nd discu sion
Figu r e3･1･2 sll O W Sthe c u m ulativ e a m o u nt oftotalradio a ctiv ity ln
the r e c eiv e r c eu a ndtotalr adioa ctivitylnthe do n o r c ell for a0.099c m
thickpoly(H E M A〝P,5 0/50wt %)m e mbr a n e. Totalradio a ctivityin
thedo nor c ellw a sobs e Ⅳ edto be c o n sta山 a ndthisimplied 也atEq･ 3･1
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Figu r e3.1.1 Tw o-cha mbe rdiffu sio n c eu.
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Figu r e3.1.2 Cu m ulativ e a m o u ntoftotalr adio a ctivityinthe r e c eiv e r
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is applic ab且e fo rdete r minatio n ofthe pe r m e ability c o efficie nt ofthe
m embr a n e･ ヱn au e xpe rim e nts u sing differ ent m e mbr a n e s, the s且ope
sho w ed 加 go odiin e a rityatste adystate(c o relatio n c o effic e nts, 0.9 6-
1･0 0)･ Perm e ability c o effic e nts w ere fou ndto be pr oportio n alto l佃
(h: thickn e s s of m e mbr a n e), as show n in Figu r e3.i.3. Fo r a
c omparis on, the pe m l e abilty c o efficie nts ofAr a-A in e a ch m embrane
at h = 0･05c m a r es u m m a riz ed in Table 3･1･l･ Pe r m e ability
c o effic e nts in c re a s e with a nincre a s ein the hydr ophilicity ofthe
m e mbr a n e･ Fo r e x a mple, the pe r m eability c o efficie nt of
poly(H E M A/V P, 50/50wt%)m e mbra n eis abo ut100tim e slarge rtha n
that ofpoly(壬IE M A/St,95/5 wt %)m e mbr a n e at37
oC. T histe nde n cy
w a s als o obs erv ed at60oC.
昏3.2 Diffu sio n m e challis m of Ar a- A
1)Me a su re m e rltS Ofdiffusio n c o effic e ntaldpartitiol一 C O effic e nt
The diffu sio n c o effic ellt(D)w a s c alc ulated bythe follo wingtw o
equatioll S:
D -% Eq･ 3･2
wherePisthepe r m e abilityc o effic ent, h isthe m e mbr a n ethickne s s a nd
K is thepa rtitio n c o effic e血
D -a Eq.3.3
where tL istl- elagtim e･ The lagtim e w a sdete minedfrom ba ck
-
e xtr apolatio n of die Ste ady
-statelin e a rportio n ofthe c u m ulativ e a m o u nt
of drug pen etr ating the m e mbr a n e v ers u stim e c u r v e(fo r e x a mple,
Figu r e3.1.2) .
The appa r e nt Ar a- A pa rtitio n c o efficientfor e ach m e mbra n e w a s
dete rmin ed bythefollo wingequ atio n :
K -i
ー47-
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Table3.I.1 Pe m e abilityc o effic e nt(c m/s)of Ara- A
Me mbr ane
a
-1QgP
b
atate mper atu re of
c o mpo sitioI1(wt%) 37oC 4 5oC 60oC
%
%
%
%
50 %HE M A:50勺
60 %H E M A:40勺
70% H E M A:30(
90 % H E MA:10(
100 %H E M A
99% H E M A:1%
95 %H E M A:5%
Ⅴ
Ⅴ
Ⅴ
Ⅴ
;t
･t
S
S
P
P
P
P
4.5 6 ±0. 3
4.7 9 士0. 2
5.07 ±0.02
5.47 ±0. 3
5.62 ±0.03
5.82 ±0.04
6.38±0.04
4.50 ±0. 2
4.77±0.03
5.03 ±0. 3
5.35±0.0 2
5.49 ±0.03
5.65 ±0. 3
4
.54 ±0. 3
4.68士0.04
4.88 ±0. 3
5.13 ±0.03
5.19±0.02
5.35 ±0.04
5.66±0.04
a
v p≡ N -vinylp yrrolido n e,St ≡ styre n e
也
Me mbr a n ethickn e s s= 0.05cm
±:吉E M(n =5)
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whe reCm is 血e AT a- A c o n c e ntr ation in the m e mbra n e, a nd Csisthe
Ar a_ A c once ntr atio nim the s alin e s olutio n. The Cm v altle W a s
c alc ulated fr o mぬ e r adio a ctivity of s o且utio n befo r e a nd afte rthe
m e mbra n e w as equilibr ated in Ar a
-A s alin e s olution･
The Ar a- A diffu sion coefficie nts a nd the appa r e nt pa rtitio n
coefficie nts a r e s u m m a riz ed in Table 3.2.1. Diffu sion co effic e nts
c alc ulated fr o mEqs. 3.2 a nd 3.3 w er e alm o stthe sa me･ From the s e
r e s ults, itis cle a rthat the m embr a n ehydr ophilicity佃ydrophobicity
slgnificantly affe cts the Ar a- A pe r m e ability c o effic e nts a nd the
●
diffu sio n c o efficie nts.
2)Hydr atior1 0fthe m e mbr ane
ln o rder to e stim ate the difu sio n m e cha nis m of Ar a- A thr o ugh
m e mbr a n e
,
bydratio n w a sdeter mill edbythefbllo w l ng equ atio n :
H ≡ (Vs - Vo)/Vs Eq. 3.5
whe r eVs a nd Vo a re the s w olle n v olu m e a ndthe o riginalv ohm e ofthe
m e mbra n e, r e spe ctiv ely･ ⅥleVs a ndVo v alu es w e r edete min ed by
m e a s u ri ngthe bu oya n cy andthe dry w eight ofthe m e mbr a n e. Ⅵ1 e
bydratio ndatafo rthe m e mbr a n e(Table3.2.2 a nd Figu re3.2.1)a ndthe
di肌 sio n pa r a m et rs(Table 3.2.1) s ugge st that the e xte nt ofthe
hydr ation of the m e mbr an e m ay gr e atly influ e n ce the diffusio n
c o effic e nts of Ara- A .
3)Thefr e e v olu m ethe o ry a nd m echa nis m of Ar a-A diffu sio nthro ugh
血e m e mbran e
Ya stlda et aZ･ r epo rtedthe fr e e v olu m ethe o ry to de s c ribe the
depe nde n c e of Do nthehydr atio n ofthe m e mbr a n e[45-50]. Thefr e e
v olu m e c a nbervis u aliz ed a sthe v olu m e whichis n ot o c c upiedbythe
polym e r m ole c ule s,but c o n stitute s a nintegr alpa rt ofthe bulkv olu m e
of the polym er m e mbr a n e･ Thefre ev olu m edo e s n otde sign ate any
fix edpo re str u ctu re a ndits siz e a ndlo c atio n m ayflu ctu ate withtim e.
In this the o ry, the diffu sion c o e統cie nt c a nbe e xpr e s s ed by the
follo w l ng equ atio n:
●
-5 0-
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Table3.2.2 Hydr atio n ofthe m e mbr a n ein s alin e s olution
M e mbr a n e l什Ⅰydr atio n atate mper atu r e of
c ompositiわn(wt%) 37
o
C 45
o
C 60℃
5 0 % H E M A:50 % V P
60% H E M A.･ 4 0% VP
70 % H E M A:30% V P
90% H E M A:lo啄 VP
IOO % H E M A
99 % H E M A:1 % St
95 % H E M A:5 % St
1.51 ±0.03
1.77 ±0. 2
2.00 ±0.02
2.34 ±0.03
2.42±0.03
2.49 ±0.02
3.16 ±0. 2
1.60 ±0.03
1.87 ±0.03
2.0 9 ±0. 3
2.40±0.02
2.46 士0. 2
2.54 j:0.02
3.20 ±0. 2
1.7 9 ±0.04
2.03±0.04
2.2 1 ±0. 4
2.46i:0.03
2.50 ±0.0
2.57 土0. 3
3.24±0.03
士:S E M(n = 5)
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Figu r e3.2.1 Pe r m e abilityc o effic e ntsfo r membr a n e s withthickn es ses
of(㊨)0.05a nd(瑚)0.15c m and(0)m e mbr a n e c o mpo sitio n
v e rs u stlle r e Clpr O C alofm e mbr a n ehydratio n at37
oC.
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1og D = 1ogD. - k(i/H - 1) Eq･ 3･6
whe r eD is the diffu sio n c o effic e nt fo r Ar a- A in the s w olle n
m e mbr a n e, D.isthe diffu sion c o effic e nt of Ar a- A in s alin e s olutio n, k
isthepr opo rtionaliLyc o n sta nt, and ”isthehydr atio n ofthe m e mbra n e･
Plots ofthediffusion c oefficie nts v e rs u s(I/” - 1)w e r e m ade a c c o rding
●
to Eq･ 3･6 a nd a r e sho w nin Figu r e3･2･2･ T helin e a rlty Of ぬe plots
sho w nin Figu r e3.2.2implie sthat thetr a nspo rt of Ar a- A thr o ughthe s e
m e mbr a n e s o c c u rspr u n arilyl n W ate r-filled po re s or chan nels within
the m eiⅥbran e.
Til efr e e v olulⅥe the o ry of diffu sio nis m o st o洗e n applied to
n o ninte r a ctiv e syste m sin whichthe pa rtitio ll c o efficie nts r a ngefr o m0
to1. T he r e s ults ofthepartitio n c o efficie ntdatafo rAr a- A, which ar e
s u m m a riz edillTable 3.2.1, sl1 0 Wthat the pa rtitio n c o effic e nts a r e
alm o st1
,
s ugge stmglittleinte r a ctio nbetw e e nAr a- A a ndthe m e mbr a n e
inthete mpe r atur e range from 137to 60
oC. Ⅰn thiste mpe rature r a nge,
Ar a- A appar e ntlydo e s n otintera ct, spe cific ally withthe m e mbra n e a nd
pr obably pe r m e ate sthro ugh w ate r-filled po r e s or cha n n els for med
insidetl-egel m embraⅠlebys w elli一喝.
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Figu r e3･2･2 D iffu sio n c o effic e ntv e rs u sthe recipr o c alof m e mbr a ne
●
hydr ation:(㊨)37,(A)45, a nd(圏)60oC.
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Cぬ忍野昔甜 櫓
D ESⅠGN OF 甘汲A NSD 監汲MA L A 取A- D 取乱ⅠⅤ尻汲Y SYS甘監M
: 鼠EGUE,A 甘昔ON OF D 取UG CONCE N 甘汲A T互ON IN VD O
王ntrodu ctio n
Tbe skin w orks a s a c o mplex barrie rtothe e 又te m alstim ulisu ch a s
ha r mful s ubsta n c e sa nd m aintain sbody fluids within ou r syste m･
Ho w e v e r, transderm al deliv ery syste m(T D S)has be en intere sted a s
dr ug deliv ery syste m(D D S)bec au se or its u lliqu e adv a ntage s over
c on ventio n al dr ug delive ry syste m sin m aintailll ng C O n Sta nt dr ug
c o n c e ntr atio n sintis s u e s at the site ofapplic atioll a ndsyste m atic allyim
blo od o v e rlongtim e【4 2-44】. Skinis c o n sisted m ainly tw o distin ct
laye r, the o ute r epide mis alld 血ein lle rde r mis[10 2-105】･ Ⅵl ede mis
c o ntain sblo od ve ss els, lymphatic s, a nd n e r v e e ndigs, and pr o vides
physiologic al suppo rtfor epide rmis･ T he epide rmis c o mpris e sthe
viable epidermis a nd str atu m c o r n e u mfo r m ed bythe de ad cellat o ut
m o stlaye rofthe skin･ T he viable epide r misis alaye r of c ells that
u nde rgo e s c o ntinuo u sdiffe r e ntiatio nto pr odu c etll e Str atu m C Om e um
a nd rega rdeda s a n aqu e o u sgel. Stratum c o m e um (about15 - 2 0Li m)
is a m ajo rba rrie rfo rdrug pe n etratio nthr o ughthe skin. So far m a ny
studie sha v ebe e ndo n eto elu cidatethe m e cha nis m ofdrug pe n etr atio n
a nd impr o v edr ugpe m e abilitythr o ughthe stratu m c o m e u mby u sl ng
penetr ation enhance r s u ch a s1-dode cyla z cyclobeptan -2- on e(A∑on e)
【106-109】.
On the othe r ha nd, a bette r u nde rsta nding of both lo c al
phar m a c okilletic s(
''
mic r opba m a c okin etic s
‥ in til eSkin)and systemic
phar m a c okin etic s(blo od c o n c e ntr atio n-tim.e pr ofile s)is of impo rta nt
for the design･ofT DS.
r
m e relationshipbetwe e nin viEro a nd in viv o
rele a s e rate s ofdr ugfr o mtr a n sde r m alpatch ha v ebe e nin v estlgated
based on aphysic al a nd m athem atic al m odel in wbicb sim ulta n e o u s
difu sio n alld bio c o n v e r占io n ofdruginthe skin w astre ated【110-114].
A physic al m odel fo r topic al deliv e ry of 9-β - D -
a r abin ofu r a n o sylade nin e (Ar a- A) a nd its pr odr ug (9-β- D -
a r abin ofu r a n o sylade nin e-2
-
,
3'- dia c etate (Ar a- A D A)in hairle ss m o u s e
w a sdis c u s s edpre vio u slyfr o m ape rspe ctiv e ofoptimizing the rap y[11 5-
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1 20]･ lf ぬe topi c al deliv e ry of Ar a- A fr o mthis m odel c o uld be
pr edicted, n ot o nlya signific a ntimpro v e m e ntintheperfo - a m c e ofthis
dr ugbut a且s opr a ctic al m ethod of ぬede sign oftra nsderm alpatch c o uld
be a chie v ed･ In this chapte r, a n applic ability ofgelm e mbr a n e a s rate-
c ontrolling m e mbr a n eintransde r m aipatch a ndthe m ethodto e stim ate
blo od c o n c e ntratio n of drug w e r e e v alu ted in vivo. m e tr a n sde r mal
Ar a- A patche s ha vi ng r ate- C O ntrOlling m e mbra n e with different
pe r m e ability c o effic e nts w e re appliedto Al o n epretre ated abdominal
skin of hairle s smic e･
r
n- epr edictedblo od c o n c e ntratio n of dr ug w a s
c alc ulatedfr o m m ultil aye r model ofthe skin a nd c o mpared with in
viv o r e s ults obtained fo r ap plic atio nintransde m alpatch syste m[12l-
122]･ T he s e studie s offe rthe basic co n c ept to de signthetr a rlSde r m al
patch withthe r m o-respo n sivefun ctio n a s r ate-c o ntr olling m e mbra n e･
$4.1 Systemicpharn la C Okin etic sofAra- A
1)In viv o m etabolis m of Ar a- A
Figu re4･1･l illu str ate sthe m ajo rPathw ays ofsyste mic m etabolis m
pr opo s edfor Ar a- A[100]. T he prim ary m etabolite w asfo undto be 9-
β- D - a r abin ofura r1 0Sylhypoxanthin e(Ara- ”), w hich is fo r m ed by
de a min atio n of Ara- A byade n o siⅠ1 ede a min a se. Fu r山e m o r e,the Ar a-
A labeled with tritiu m at the 2 po sitio n ofthe pu rin e rl ng yielded
c o n side rable a m o u nts ofv olatiletritiu min vivo. 1t w as s ugge stedthat
tritiu mis r ele a s ed in thefo r m oftritiated w ate r afte r o xidation ofthe 2
po sitio n ofthe pu rin e ri ngby x a nthin e o xida s e. Oxidatio n c o uldtake
pla c e o nthe pu rin e ring of Ar a
-ri yielding 9-β - D -
arabinofu rano sylx a llthine(Ara- X), which c o uldfurther be c o nve rted
into x a ntbill eby cle a v age ofthe a r abin o s e m oiety, alte ril ativ ely,
ar abin o s e c o uld be cle a v edfr ol nAra- H, pr ovidinghypo x a nthin e which
c o uld 山enbe oxidizedto xanthille.
2)Intra v e n o u sinje ctio n ofAr a-A
Ethe r- a n e sthetiz ed hairle s smic e w e r e I nje cted in thetailv ein with
a bolu畠 ofa s aturated s olution of Ara- A in s aline s olutio n c o ntaln lng
tra c e rle v els of 2-[
3H]- Ar a- A. A fte rtheintra v e n o u s(iv)inje ctio n
'
, tw o
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Figu r e4･1･1 Main m etabolicpatII Way Of Ara- A and che mic al
stru ctu r e s ofthediffe re nt m etabolites.
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H
ll
rI
10叫 bio od s a mp且e s w er take n atpr edetermin edtim einte r v als fr o m
thetai且vein ofthe mic e u nde r ethe r a n e sthe sia･ On e ofthe s a mple s w a s
u s edto determin ethetotal radio a ctivity五n blo od, whilethe othe r w a s
u s edto an alyzethe diffe re nt r adio a ctiv e spe cie s･ Tl-eblo od s a mple s
w e r e e xtra cted c o n s e c utively with 20 0LLl of 皿 etha nol, 200帥1 of
m ethanol : elhyl a c etate(1:1), twic e with 200 けlof m etha n ol: ethyl
a c etate(2:8), a ndtwic e withlO抄1ofO.4 ”pe r chlo ric acid.
rmlela st
extract w a sfin ally n e utraliz ed with NaOH solutio n. Fo r m e a s u re m e nt
● ●
oftotalr adio a ctl Vlty, thes e e xtra cts w er e addedto10mlofs cintillatio n
cocktail･ Forthe as s ay ofthediffer e ntr adioa ctive spe cie s,the e xtra cts
w e r e c ombin ed
,
ぬe s olv e nts e v aporatedin a nitr oge n stre a m, a ndthe
r esidue diss olv edin m ethanola nd a n alyzedbyT LC[123]. Pre w a shed
silic agel T LCpla sticplate swithflu ore s c e ntindic ato r(Chr o m atogr a m,
Silic agel, Eastm aIIKodak Co. , Ro cll e Ste r, N Y, U.S. A.) w e r e u s ed.
T he m obile pha s e w a s amixtur e of chlor oform : methanol:30%
叩Im Oniu m hydro xide(8:8:1). No n radiolabeleds a mples of Ara- A and
Ara一王1 w e re run in parallel withthe blo od e xtr a ctfo r vis u aliz atio nby
U V light. The Rfv alu e sfo rAr a- A alld Ara一王i w e r e0.67 a nd 0.27,
respe ctiv ely. A fterde v elopm e nt, the plate s w e r e c utinto n arr o w strip
a ndtra n sfe rr edto vials c o nta nl ng l miof0.1 M HCIs olutio n a nd left
o v emight. Te n mlofs cintillatio n c o cktailw e rethe n addedtothe vials
a nd radio activ lty W a s m e a s u red with a Be ckm a nLS-7500 liquid
s cintillatio n c o u nte r. m e re c o v e ry ofradio a ctivityfr o mtheplates w a s
> 9 0 %.
T heblo odc once ntration vers u stim epr ofile s ofAr a-A, Ara- H, a nd
total radio a ctiv ity afte riv I nje ctio nin which a v er age iv do s e w a s
27380820 dpm of Ar a- A a r e sho w nin Figur e4･l･2･ The Ar a- A
c o n c e ntr atio n de c r e a s ed v e ry r apidly a nd dete ctable le v els w e r e
obtain ed o nly at the 5- a nd 10
- min ute s a mpling po l ntS･ Tbe
c o n c e ntr atio n s of Ar a- ” a nd totalr adio actl V lty Showeda bipha sic
de clin e which, in the te r min alpha s e, w a s m u ch slo w e rfo rtotal
r adio a ct m ty tha n fo r Ar a- H･ The diffe r e n c ebetw e e ntotal
r adioa ctl V lty a nd the s u m of Ar a- A a nd Ar a
- ” is attributed to the
● ◆
fo r m atio n oftritiated w ate r which e v aporates duringthe a s s ay ofthe
individu alr adio a ctiv e spe cie s･ Ⅰn thepr e s e ntstudy, Ar a- ” w a s血e o nly
radiolabeled m etabolitefo u ndinblo ods a mple s afte riv a ndtra n sderm al
adminis
-
tr atio n of Ar a- A. In addito n,it w as c oncludedthat 血e r e w a s
v olatile3H fo r m ed･ =o tritiatedhypox a nthin ew a sdete cted, s ugge sti ng
l
●
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Figu re4.1.2 Bloodc o n c e ntr atio n v e rs u stim edata of(A)Ar a- A,
(0)Ara-”, and(@)totalr adioa ctivityafteriv
administr ation of Ara- A. Vertic albars sho wSE M(n= 3).
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that m etabolis m ofAra- A(Figu re4.1.1)follo ws the Ar a- Ⅹ rathe rtha n
thehypoxanthin epathw ay.
3)Comparとm e11t m odels of Ara- A, Ara- ”, aⅠldtotalr adio a ctivity
Ba s ed o nFigu r e4･1･2, the pha r m a c okin etic s ofAr a- A m ay be
de s cribedby a o n e- c o mpa rtm e nt m odel, whe r e a sthe pha m la C Okin etic s
of Ar a-㌻丑and oftotalr adio a ctivity m aybe de s cribed adequatelyu sing a
tw o- c o mpartm e nt m odel･ He n c e, the follo wing differential equ atio n s
applytothe s e r adio activ e spe cie s afte rivbolu s inje ction:
d A
dJ
dli
c
dJ
≡ - kA,elA Eq･ 4･1
≡ kA ,m A -kH,eけ王c - kH,cpllc ＋ kl ,ra p
#p - kH･ 耕 一 kHpcI-Ⅰp
dT｡
dJ
≡ - kT,elTc - kT,cpTc ＋ kT,叩
｢
rP
過 - kT.cpTc - kT.阿 TpdJ
Eq. 4.2
Eq. 4.3
Eq. 4.4
Eq. 4.5
whe r eA isthe syste mic c onc entratio n of r^a - A, kA.el is the global
eli min atio n c o n sta nt of Ar a- A,kA,m is the m etabolic r ate c o n sta nt of
Ara- A to Ar a- ” , Hc is the Ar a- H c o n c e ntr atio nin the Ce ntr al
c o mpa rtm e nt, f壬p is the Ar a1 王c o n c e Ⅰ-tratio nin the pe riphe r al
compa rtm e I-t, kR,el isthe global elinlil一atio n c o n sta nt of Ara-1i, kfl,cpl S
the tr a n sfe r r ate c ollSta nt Of Ara-Ⅰi fr o mthe c elltr alto the pe riphe r al
c o mpa rtm e nt, kH,pc is the transfer r ate c o n sta nt ofAr a
- H fr o mthe
pe riplle r alto tl-e c elltr a c ol-叩 a rtll-e nt, Tc is tile C OT-C elltr atioI- Oftotal
r adio a ctiv ltylilthe c e ntr alc ompartlnel-i, Tpisthe con c e ntr ation oftotal
r adio a ctiv ity in the pe riphe r al c o mpa rtm e nt, kT.el is the global
elimin atio n c o n sta nt oftotal radio a ctw lty, kT.cp ISthe transfe r rate
c o n sta nt oftotal radioa ctivity fr o m the c e ntr alto the pe riphe r al
compa rtm e nt, a nd kT,pcisthetra n sfe r rate c o n sta nt oftotalradioactivity
fr o mthe periphe r altothe c e ntral c o mpa rtm e nt･ A llthe r ate c o n sta nts
a refirst o rder andeli min atio nis as s u m edtobetaking pla c e o nlyfrom
the c entralc o mpa rtm e nt.
Upo nintegr atio n ofthe syste m of Eq･ 4･1to Eq･ 4･5,thefollo w i ng
e xpr e s sio n s a r e obtain edfo rthe c o n c e ntr atio n sin the blo od(c eptr al)
C Ompartm e nt:
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A - 竜 e xp(- kAelt)
‡ic =
Tc =
DivkA.m
Vu.c[ (kil.fX
- 払 ｡1)
(杖H -
(ku.pc - αH)
kA.el)(βH -kA,el)
(kA.el - αf()(aH -Pfl)
(krl.pe
-βH)
(kA.el -βH)(恥
-βH)
Diy(れ1X - α T)
Vr,｡(βT - α T)
exp(-kA,elf)＋
e xp(- α nt) ＋
e xp(-pHt∃
e xp(- α T¢＋
Di,(kT,pc -βT)
Vr.c細r -βT)
Eq. 4.6
Eq. 4･7
exp(- Prt) Eq. 4.8
Eq. 4.7 callbe r･e arrallged
Hc - 畿 詣慧[exp(
I
- αHI,- eXP(- kA ･elt,]
＋
DiykAJ.I(kH,pc -PH)[exp(- 恥t) - exp(-kA･elt)]Eq･ 4･9VH.c(kA.cl - 恥)(αH -βll)
whe r eDiyis theiv ad ministered do se, V Ais the appar e nt v olu m e of
distributio n of Ar a- A, VH,c , a nd VT,c a r ethe appa r e nt v olu m e s of
distributio n of til e C e ntr al c ol npartln elt fo r Ar a- ” a nd total
radioa ctivity, r espe ctiv ely, α H,βH a nd α T,βT a r ethe dispo sitio n r ate
c o n sta nts of the tw o- c o mpartm e nt m odel for Ara
- 班 aIld total
r adio a ctivity, re spe ctiv ely[124].､
4)P ha m a c okin etic pa ra m ete rs
By fittiIlg Eqs. 4.6, 4.8, a nd 4.9 to expe rim e ntal blo od
c o n c e ntr atio ndata sho w nin Figu r e4.1.2 by m e a n s of n o nlin e a r
r egr e s sio n, the pha r m a c okin etic param eters (c entr al volu mes of
distributio n a ndglobalelimin ation c onstants)fo rAra- A, Ar a-rI, a nd
totalr adio a ctlV lty Can bededu c eda ndgiv e nin Table4.I.1･ 1n the c a s e
of Ar a- A, thes epa ra m ete rs a re obtain ed dir e ctlyfro m thefitting, while
fo rAr a- ” a ndtotalr adio a ctivity, thepa ra m ete r s c a nbe c alc ulatedu si ng
Eqs. 4.10 - 4.13:
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VH.c =
DiykA.m
E2(kA,el -βR)＋ ElkA,el
- αH)
ku el - 諜濫篭舞 鶴
Eq. 4.10
Eq. 4.l l
where El a nd E2 are the first a nd s e c o nd pr e e xpo n e ntialte r m s of Eq.
4.9, r e spe ctiv ely, aI一d
帆 ,｡ ≡
kT,el =
Div
Bl＋ 泊2
αTβT(Bl＋B2)
BlβT ＋ B2α T
Eq･ 4･12
Eq. 4.13
whe r eBl a nd B2 a rethefir st a nds e c o nd pr e e xpo n e ntialte r m s of Eq.
4
.8, r e spe ctiv ely･
h additio n
,
the syste mic m etabolic r ate c o n sta ntof Ar a- A to Ar a- H
(kA,m) w a s e stim ated ba s ed o nliterature data【10 0j which indic ate 血 at,
in differe ntanim alspe cie s, -5 %of Ara- A is e x c reted u n changedinthe
u rin e, the re stbeing m etaboliz edin the body･
r
n-e r efore, kA
,
m
,
C O uld
be c alc ulated fr o mthe global el 血inatio n c o ilSta nt Of a r a- A (kA,a) a s
fわllows:
kA,m = 0･95 kA･el Eq･ 4･14
昏4･2 Effe ct of A∑o n epretr e atm euto nthe Ar a- A perm e ability
c o efficieI一t Orthe skin
l)Pr etre atm e nt of Az o n e a ndtw o- cha mbe rdiffusio n c elle xperim e nt
T he Ara- A per nie ability c o effic e nts ofthegelm e mbr an es a ndthe
hairle s s m o u s e ski一l W e redete r miIled u s l ng a tw o-Ci一a mbe rdi乱 sio n
cell, sho w n`in Figu r e3･1･1･ The skiI一pe r m e ability of 九r a- A w a s
dete m lin ed u s ing abdo minalhairle s s m o u s e skin. Tbe mic e w e r e
s a crific ed a nd a-pie c e Ofabdo min alskin was e x cis ed a nd m o u nted inthe
tw o- cha mbe rdiffusio n c ell･ To a s s e s sthe pe r m e ation e nha n c e m e nt
e触 ct ofAz olle, the abdo min alsite ofl一airle ss mic e w a str e ated with
v a rio u s a mou nts ofA乙O n efo rpr edete r min edtim einter v als, the mic e
w er e s a crific ed
,
a ndthe Alo n e-pr etreatedskin are a w a s u s ed inthetw o-
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cha mbe r diffusio n c ella s abo v e. Detailof the c alc ulatio n of
pe r meabilityc o effic e ntisgive nin巷3.1, C hapter3.
Figu r e4.2.1 sho w sthe effect of Azon eもr e atm e nt o nthe Ar a_ A
perm e ability of hairles s m o us e skin･ A r apid incre a s ein pe r m e ability
w a s obs erv ed within the first 1 0 ho u r s of tre atm e nt (Ar a- A
per me ability c o efficie nt ofu ntr e ated skin = 3 又 10
‾8
c m/s)a nd a slo w e r
in c r e a s ewithtim efo r upto48 hou rs(la stdatapoint). Ⅵle a m ount Of
Azo n e appliedsho w eds o m e eff ctat24 ho u rs,butno effe ct at48ho u rs
oftr e atm e nt･ ln al 1the e xpe rim e王-tS dis c u s s ed in this r epo rtbelow , a
2 4-ho u rtr e atm e nt with A∑o n e(50 mg/2.25 cm
2
skin a re a) w a s
e mployed･ Unde rthe s e c o nditio n s, a nAr a- A pe r m e ability c o effic e nt
oftl-e skin of abo ut1 x10
-5
c m/s w a s obtailled, c orr e spo ndingto an
e王1haヱIC e m e ntfa ctor ofabo ut300o v e r u ntre atedskil.
2)Fra nz c elle xperim e nt
Tw okillds ofexpe rim e nts w e rec ondu ctedu singaFra n z c ell[125],
show nillFigu r e4･2･2･ In the fir st ofthe s e, a transde r m alpatch
(c o ntainingthe r adiolabeleddrug, sho w nin Figu r e4.2.3),fabric ated 1
day before the experim e nt, w a s applied on top of a nAlo n e-pretre ated
skin s a mpleinthe diffu sio nc el･ 77- etr a n sde m lapatche s w er elo aded
with 150Lilofa radiolabeleds u spe n sio n of Ar a- A in aO･18 % aqu e o u s
Ca rbopo1 934gel(B.F･Go odrich a nd Co mpany, Cle v ela nd, O H,
. U.S.A.)
c o ntalnl ng9 %Az o n e･ T he c o n c e ntr atio n ofdiss olv ed r adio a ctivityln
thegelw a s2･92 x 10
8dpm/ml, andthele v el of Ar a- Ain thegel w a s5
mg/ml, appr o xim atelyfiv efoldthe aqu e o u s solubility ofAr a- A at37
oC.
Ⅵl e a m o u nt Of Ar a- A lo aded in e a chtr a n sde r m alpatch w asfa r mo r e
than e n o ughfo r a s u stain ed z e r o- rde rdrug r ele a s e o v e rthe 5-day
e xperim e ntalpe riod, e v e nintr a nsde r m alpatches ofthehighestflu x.
In the e xpe rim e nt ofthe s e c o nd kind o i-1y the r ate- c o ntr oling
m e mbran e w as plac ed o n top of a skin s ection a nd 200けl ofthe
r adiolabeled dr ugfo r m ulatio n w a s applied o ntothe m e mbr a n e s u rfa c e.
r
円I eFra n z c ellbad alo w e r cll a mbe r v olu m e of4.2to 4.4 ml a nd a n
effe ctiv ediffusional a rea of 0.785 cm
2
. on ehundr ed_ mic r olite r
s a mple s w e r e withdr a w n at pr edete r min ed tim einte r v als fr o mthe
re c eiv e r cha mbe r ofthe c eu and repla c ed withthe s a m e v olu m e of
r eceiセer m ediu m(s aline s olution). The s a mple s w er etra nsfe rredto
vials c o ntaining 10 ml ofs cintillatio n c o cktail(Re ady-Solv H Pn)Ⅴ,
_65-
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Figu r e4.2.1 Tim e-depe nde ntAr a
- Ape r m e abilityc o effic e ntof
hairle s s m o u s e skintre ated withtw odiffe r e ntAz o n e
do s e s(㊨)50mg/2.25c m2,(○)3 5mg/2.25c m2 . Ea ch
po l ntr epre s e nts a n e xperim e nt withadifferent m o use.
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0.1 c m =
‡1 c mE
■■ ‾ ‾ ‾ ■- ､
屯Ⅲ抄
卜 2.3 c m+
Rate- c o ntr olling
m e mbr a n e
Silic o n e spa c e r
Par afilm
Silic o n eba cking
Figu r e4.2.3 Graphic alrepr e s e ntatio n a nddim e nsions
ofthetr a n sde 皿 alpatch.
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Be ckm a nI王-St･ 互nc･, Fulierto n, C A, U･S･A ･) and r adio a ctivity w a s
dete -in ed u sing a Be ckm a nL S-7500 liquids cintillatio nc ou nte r.
Ⅰn both c as e s, the Ara- A pe r m e abi.1ity co efficie nt ofthe r ate-
c o ntrolling m e mbrane wa s1 冗 lO
16
c m/s and onlytotalradio a ctivity w a s
m e a s uredirlthe r e c eiv e r cha mbe r ofthe c eil･ The e xperim e ntalr e s ults
w e r e c o mpared withtheoretic aly predictedpe r m e atio n c u rv eobtain ed
fr o mthe res ults oftw o-cha mbe rdiffu sio n celle xpe rim e nts･ Figu r e
4･2･4 sho w sthatin both c a s e sthe slope s ofthe c u m ulativ e a m o u nt
tr a nspo rted into the re c eiver cha mbe r a s afunctio n oftim e w e reiil
go od agr e e m e nt withthethe o retic alpredictio n･ Thelagtim e fo rthe
prefabric ated patch w a sfo u lldto be sho rter Lhal- thatfor the fre shly
c o mbin ed r ate- c o ntr olling m e mbra n e and dr ug form ulatio n syste m.
T his differenc ein lag tim eis believed to be due to the abs e n c eof
equilibriu m of the r ate -c ontr olling m e mbr a n e with the dr ug
fo r m ulatio nin the fr e shly pr epa r ed syste m a s oppo s ed to the
pr efabric atedpatch･ T hethe o r etic al c u r v ein Figu r e4･2･4 repre s e nts
only ste ady-state tra n spo rt aヱ1d do e s n ot a c cou ntfo rlagtirl- e･ 71e S e
r e s ults de m o n str ate that a z e ro- orde rtr a n sde r m al deliv e ry c a nbe
a chie v ed with the pr e s e nt syste m and thatthe deliv e ry rate c a nbe
c o ntr olled bythetra n sder malpatche s whe nthe per m e abilityc o effic e nt
ofthe r ate-c o lltr Olling m e mbr aエーe(Pm)islo w ertha nthat ofthe Az o n eT
pr etr e ated skin(i.e . , Pm < i A10
-5
c m/s).
登4.3 The o retic ale stim atio n of ill Viv otra n sde m a‖lu x es of Ara- A,
Ar a-”
, a王Idtotalr adio a ctivity
1)Mathe m atic alm odel(m ulti-layer m odel)oftran sporta nd
m etabolism of Ara- Ainthe skin
Ea rlie r studie sha v e sho w nthat Ara-A is c o n v e rtedto Ar a- H in
hairle s s m o u s eskinin viEro[l16, l18]. De amin a s e a ctivity w a sfo u nd
tobe r o ughlyequ alydistributed thro tlgho ut the skinthickn e sincluding
the epidermis a nd the de r mis. No othe rtritiated m etabolite w as
dete ctable a ndn o r el a s e ofv olatiletritiu m w a s obs e Ⅳ edin 血e skin.
In orde rto e stim ate thein vivo tr a nsde r m alflu 又e s Of Ar a- A and
Ar a- ” follo w l ng applic atio n ofatra n sde r m alpatch, a the o reticalm odel
for sim ulta n e o u stra n sport and m etabolism of Ara- Ain the skin w a s
-6 9-
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Figu r e4･2･4 Cu m ulativ e a m o u nt oftotalr adio a ctivity pe r me atinga c r o s s
a rate-c o ntr ol ing m e mbr ane andAlone -pr etr e atedhairle s s
m o u s e skina rra ngedin s erie sin aFr a n z c ella s afu n ction of
tim e:(@)prefabric atedtr a n sder m alpatch,(0)fre shlyc o mbin ed
rate-c o ntr olling m e mbr a n e wi血 dr ugfb- ulatio n･ Ba rspr e s e nt
SE M(n =3)･ The s olidlin eindicates 也epr edictedpe m e atio nbased
o n血efollo wingequatio n: a m o u nt ≡ Pl血l(thedi 飢sio n alar e a
ofa Fr a n z c ell)(血edo n o r c o n c e ntr atio n)(tim e), with
l/Plotal 千i/Pm ＋ 1/Ps, whe rePm a nd Ps a r e也 epe r m e ability
c o effic e nts oftherate- c o ntr olling m e mbr a n eandthe Az o n e-
pretre atedskin,r e spe ctiv ely･ h this study Pm ≡ 1Ⅹ10
-6
c m/s.
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adopted･ Ac c o rdingto this m odel, the c o n c e ntr atio n s ofAra- A(As)
a nd Ara- 約(王1s)in 山e skin u nde r ste ady-stateflu x c o ndition sobeythe
follo wil一gdif[erenLialequatio n s[119]:
D忠 一 ksAs - 0
D%s ･ksAs - 0
毘q. 4.15
Eq. 4.16
where D isthe cutane o u sdiffu sivityof Ara- A a nd Ar a- ”(a s s u m edto be
the s a m e), ks is the firsトo rde r m etabolic r ate c o n stant fo r the
c o n v e rsio n of Ar a- A into Ara- 班 inthe skin, a nd X is dista n c e. Eqs.
4･15 a nd 4･16 ca nbe s olved n um e ric ally by m athe m atic ally dividing
boththe epide rmis a ndthe de rmisinto N eqtlallythick laye rs. In the
e x a mple to follo w, N = 4(i.e. , layers n = I, n= 2, n = 3, and n = 4).
T he m a s sbala n c ebetw e e ntra n spo rt a nd m etabolis m fo r e a ch laye r
gi ve s the follo w i ng ge ner al equ ations which apply fo rboth the
epidermis alldthede rmis. Laye r n= 1 isfa cing o utw a rd(i.eリ the skin
su rfa c e):
Ar a- A
Layer1
Laye r2a nd 3
Laye r4
Ar a- ”
Laye r1
A
B
x( # 1一 塩新)- ksAs･1 Eq･ 4･17
A
B
x( # n 一 也芸妾判 - ksA s･n Eq･ 4･18
品
D
△Ⅹ
D
Laye r2a nd3 言文
As.i - As,4
△Ⅹ/2
(
主is,2 - H s.1
△X
△Ⅹ
- A怒声)- ksAs･4 Eq･ 4･19
Hs,1
- i-ls..
△Ⅹ/2
Laye r4 晶 噛 -
) ≡ - ksAs,1 Eq.4.20
王is,n - ”s,n_
△Ⅹ
Hs,4 - H s.3
△Ⅹ
i)= - ksAs.n Eq･ 4･21
)= - ksAs,4 Eq.4.22
whe r e As,n a nd Hs.n a rethe Ara
- A a nd Ar a- ” c o n c eb tr ations,
r e spe ctiv ely'in the n
thlaye r;As,o a nd Hs.o ar ethe Ara
- A and Ar a- H
c o n c e ntr atio n s
,
r e spe ctiv ely, at the o ute rinte rfa c e;As,i a nd Hs,i are the
Ar a- A a nd Ar a- ” c o ncentratio n s, r e spe ctiv ely, at thein n e rinte血c e;
a ndA Xis.on e-fo u rth(sin c eN = 4)ofthethickn e s s of di e epidermis or
thede r mis.
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T befiu x e s(I)of Ar 針A a nd Ara胡 ofthe o ute r(ind
●
e x o)a ndthe
in n e r(indexi)inte rfa c e s a regiv e nbythefollowingequ ation s :
r
m e凸ux ofthe outerlaye r JA,o
- - D 髄
Tbeflu x ofthein n e rlaye r JA,i =
-D
The丑ux ofthe o ute rlaye r JH,o
= - D
那l eflu x oftheinlle rlaye r JIもi ≡
- D
As.i - As,4
ÅⅩ/2
Hs.1 - 告‡s,.
△Ⅹ/2
Hs,i
- ‡寸s.4
△Ⅹ/2
Eq. 4.23
Eq. 4.24
Eq. 4.25
Eq. 4.26
T hebo uェIda ry c o nditio n sfo rthe de rmis ar e sho wnin Eq･ 4･27, a nd
血o sefb∫the epide n Tlisin Eqs･ 4･28aIld 4･29:
de r mis As,i = Hs,i= 0 Eq･ 4･27
epiderlⅥis JA.｡ = Pm(AI戸 - A s,0) Eq. 4.28
JA,. =
- PmI-ls.o Eq･ 4･29
whe r ePm is tlle Pe r m e ability c o efficie nt of the r ate- c o ntrolling
m e mbr a n e al一d Atpisthe Ar a
- A c o n c e ntr atio ninthetr a n sde r m alpatch,
the Ar a- ” c oIIC e ntr atio nin tll etr aI-Sde m alpatchbeing equ alto z e r o.
The pa rtitio n c o effic e nt of Ar a- A a nd Ar a- H betw e e n r ate- c o ntr olling
m e mbr a n e a nd epide r mis, a nd epider mis a nd der misis a s s u m edto be
equ altoI.
Ⅵ1e Syste m Of equ atioIISin v olviIlgEq･ 4･17tbr o ugb Eq･ 4･22 m ay
be spe cified fo rthe epider mis a ndthe de r mis a nd m aybe s olv ed in
c o mbin atio n with Eq･ 4･23througl-Eq･ 4･26a ndthe abo v ebo u nda ry
c o nditio n s
,
u sl ng e xpe rim e ntallydetermin edlite ratu r e v alu e sfo rD a nd
ksI T heflu x e s ofAr a- A a nd Ar a-H at thein n e rinterfa c e(JÅ,i a nd J恥
Eqs･ 4･24a nd4･26, re spe ctiv ely)tIl u Spr o vide a山e o r etic ale stim ate of
theinputrate s ofthe s e spe cie sintothe syste n lic circ ulation.
2) m e o retic ale stim atio n ofin viv otr a n sde n Tlaflu xe s of Ar a- A , Ar a-
H
,
a ndtotalr adio a ctl Vlty
ln the cas e oftra n sde r m al deliv e ry of Ar a- A usl ngtr a n Sde r m al
●
patche s･ theblo od le v els ofAra- A, Ara- H, a ndtotalr adio a ctl Vlty a r e
● ●
● ●
gw e nbythefollo w i ng equ atio n sde riv ed fro m pharm a c okin etic m odel
of Ar a- A, Ar a- H, a ndtotalr adio a ctivity:
-72-
A - 故 = - exp(一 点A･elt)]
眺 - 虫 姐 ＋VH,ckH.elkA.et
Tc
FAkA.m(α11Pfl- kll.elk^,el)
VH,ckH.elkA,｡l(kA.el α R)(Pit-kA.cl)
幣 exp(- aHl,＋
(αH - kH,el)(FAkん m - Ftl鮎 ＋FRkA,eJ
VH,ckH,el(恥 -kA,el)(α B -
FT
VT.c kT
,
el
βH)
･卜 鰯 e又p(- a Tt)＋
e xp(-βHJ)
kT,cl - αT
α T
-βT
Eq. 4.30
e xp(- kA .elf)＋
Eq. 4.31
exp(-PTl)] Eq. 4.32
wher eFA, F=, a nd FT are theillPu t rate sin m a s spe ru nit tim e of Ara-
A
,
Ar a- ”
, a nd total r adio a ctivity, r e spe ctiv ely' into the systemic
cir c ulatioll.
3) Blo od c on celltratio nprofile s of Ara- A, Ar a-ill, a ndtotal
radio actlVlty
r
m einput rate s of Ar a- A aI-d 九ra-Il il-tO the syste mic circ ulatio n
follo w l ng tr a n Sde r m al administr atio n a nd skin m etabolis m of Ar a_ A
w e r e calc ulated ba s ed o nthe syste m of Eq･ 4.17thr o ughEq. 4.29.
Tw o a n ato mic auydistin ct site s w e r e c o n sidered as abs o rpt1 0h site sfor
Ara- A and Ar a- ” into the blo od:(i) epide rmis/de r mis inte rfa c e,
c o r re spo ndingto a diffu sio n alpa山1e ngth in thede rmis equ alto z e r o,
a nd(ii)de -is/s ubc utisinte rfa c e, c o rr e spo ndingto adiffusi占n alpath
le ngth.in the de rmis equ alto 30トLm (a n ato mic alde r misthickne s s).
Sin c ethede r n-isis v a s c ula riz edtis s u e
,
the s etw o c a s e s a r ebelie v edtq
r epr e s e nt e xtre me s o川1e realsitu atio n. ¶1 e r e s ults orthe c alc ulatio n s
fo rdiffer e ntpe r m e ability coefficients ofthe r ate-c o nt;olling m e mbr a ne
og血etr a n sde r m alpatche s a r e s u m m a riz edin Table4.3.1. T he e xte nt
ofc o n v e rsio n ofAr a- A to Ara- ” is m u ch gr e ate rin c a s e(ii)tha nin
c a s e(i)be c a u s e ofthe highe rs ubstrate(Ara- A)c o n c e ntr atio nin the
epidermis and de rmis a ndthe c o ntin u o us m etabolis m of Ar a-A du ring
itstranspo rta c r o s sthe de -is. T hetotaliI一put, ho w e v e r, in c a s e(ii)is
o nlyslightlylo w e r山a nin c a s e(i), sin c ethe di軌 sio n alr esistance of血e
de rhis is rathe r s m allc o rnpa r ed with that ofthe rate-c ontrollirlg
m e mbra n e ofthepatches･ The c alc ulatedirlPutr ate s Of Table 4.3.1 ar e
-73-
Table4.3.1 Calc ulatedthe o retic alinputr ate of Ara- A, Ar a- ”,
a ndtotalradio a ctivityintothe systemic circ ulatio n
fo rdiffer e nもr ate- c o ntr olling m embr a ne of
tr allSdem lalpatche s
也
Ara- A Ar a-H Total
■■ ■ ■ ■■ ■ l■ }
l 脚 ■ ■ ■■ ■ ■■■ ■■ ■ ■■ ■■ 中 ■ ■■■ ■ ■ { 中■■ ■ ■■■ ■■ ■ ■■ ■ ■■ ■ ■
3 3280 1 6230 495 10
霊1fifcekCil:ses謡T)
h
a
s
p- (c -/s)
b
0
0
0
0
300
300
300
300
5xlO
-6
圭xx圭呂二7
6
圭芸呈.o二
7
6
書芸圭§三3
6
8130 4650 12780
4 180 2450 6630
8 54 511 13 60
6590 39330 45920
1620 10890 12520
833 57 20 6550
170 1190 1360
aAn effe ctiv edermis 也ickn e ss of 300pm is equ alto 血e a n ato mic al
de mis 也ickn e ss.
bpe m e abilityc o efficientofrate-contr olling m e mbra Jl e Oftr a n sde r m al
patches.
c Valu e s ofpa r a m ete rs u s ed inthe c alc ulatio n ar e a sfollows
･
･
f
d
.
e
,%;d
d
e
i=ulSsi芸itdyd
=
e諾14sx= 1,?1
-6
.
c
x
m
1
2
ss-･3fi-rlS:
-
e
O
;d
e
e
r
,
m
m:
a
d
b
i
O
f tcsirvaittey
C
.
O
f
n Sta nt
■
2iZffOunsT.t:eaTtseud,fSakcien a
=
r e
2
i
6
.芸ioei
8
,
c
a:s
2
d
/
:,i,a
i
l
d
p
e
a=Ls!hb;,%escsm
=
2?0 岬 ,
r adio a ctivityinthetr a n sder malpatch(asAr a- A) ≡ 2.92Ⅹ 10
8 dpm/ml.
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u s ed fo rぬepl
･
edictio n of blo odlevelsI The c o mpo sitio n s, thickn e ss e s,
a nd 良r a- A perm e ability c o effic e nts forfo u rdiffere nt rate- c o ntr olling
m e mbrane s employed inthe studya regi venin Table4･3･2.
Figu re4･3･l sho w sthe blo od c o n c e ntr atio n s oftotalr adio a ctivity
obtain ed afte r ap plication oftr a n sde r m al Ar a- A patches with diffe r e nt
r ate- c o ntr olling m e mbr a n e sin Table 4･3･1 o nto Az o n e-pr etr e ated
abdomin alsite s ofhairle s s mic e･ Ste ady-state blo od c o n c e ntr atio n s
w e r e re a ched afte r24 ho urs a nd 也e c onc e ntr atio n s re m ain ed c o n sta nt
fo r96 ho u rs･ hl the s a m efigu re, the experim e ntal re s ults a re
c ompared with pr edicted blo od c o n c e ntratio npr ofiles c alc ulated u si ng
Eq･ 4･32･ For the s e c alc ulatio n s, the i叩 ut r ate s C O rreSpOnding to a
diffu sio n al de rmisthickn e s s equ alto z e r o【c as e(i), Table 4.3.1] w e r e
u s eda ndthephar ma c okin eticpara m eters w e retaken fr o mTable 4.1.1.
A r e a s o n ably go od agr e e m e nt betw e e nthe e xpe rim e nta且 and the
pr edicted re s ults w a s obtain ed, c o n side ring the r elativ ely high
v ariabilityofthepha r m a c okin etic para m et rs.
T he blo od le v els of Ara - A a nd Ar a- ” obtain ed follo wing
tr a n sde r m alpatch applic atio n are sho w nin Figur e s4.3.2 a nd 4.3.3,
r e spe ctiv eiy･ Dete ctab且elevels of Ar a- A a nd Ara-H w e re obtained only
wi 血patchesha ving r ate-controlling m embra n e swiththetw ohighestP
v alu e s(i.e.,5 x 10
-6
a nd1x 10
-6
c m/s). ste adydatebloodle v els w e re
obs e r ved after 3 ho u r s a nd w e re main t ain ed fo r96ho u rs. The
e xpe rim e ntal r e s ults a r e c o mpa r ed with pr edicted steady- state
c o n c e ntr atio n s c alc ulated fr o mEq. 4.30 fo rAr a- A a nd Eq. 4.31 fo r
Ara- ” by substitutingt づ - . Theinputr ate s u s ed inthe c alc ulatio n s
c o rr e spo ndedto c a s e(i)(Table 4.3.1)a ndpba m a c okin etic v alu e s w e r e
take nfr o mTable 4.1.1. A go odagr e em e ntbetw e e n e xperim e ntal and
predictedv alu es w a s obtain ed withinthe e xperim e ntale rr o r･ Usingthe
i nputr ate s C O rr e SPO ndingto adiffu sionalde 皿isthickn es s of 300叶rn
【c a se(ii), Table4.3.1】inthethe o r etic alc alc ulatio n s wouldsignifica ntly
u nde re stim atetheblo od le v els of Ar a- A, s ugge stingthatぬe site ofdr ug
abs o rpti o ninto the syste mic cir c ulation m ay be ve ry clos eto the
epider mis/dermisinte rfa c e. Ca s e(i) w o uldpr o vide pr a ctic allythe
sa m epredicted v alu e sfo r the Ar a･ H a nd total r adio a ctivity
c o n c e ntr atio n s a s c a s e(i).
Ⅵ1ePr e s e ntr e s ultsdem onstr atethatthe Ar a- Atra血sde r m alpatche s
appliedon Al o n e-pr etr e atedabdo min alsite s of hairle ss mic e c a ndeliv e r
drug with a z e r o
- rde rkin etic sfo r atle a st96hou rs(4 days). m e
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Table4.3.2 Rate- c o ntr ollilg m e mbr a n e s ofthetr a n sde 皿 al
patche sfo rAr a- A
Me mbr a n e
Co mpo sitio n(wt%)
a
叫 ■
7 0 % H E M A:30 % V P
loo 鞄 H E M A
95 % H E M A:5 % St
95 % H E M A:5 % St
r
lbickn e s s
(m m)
Ar a-A pe m e ability
空 地 望垣L
5xlO
-6
1xlO
-6
5xl O
-7
1xlO
-7
0.7
1.0
0.42
1.23
a
v p= N - vinylpyrr olido n e,St = styrene
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(uppe rline)and lxlO
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窟琶x
a
l
P
.
P1icaSO冒
drug a m o u ntdeliv e r edinto 伽 systemic cir c ulatio n c a nbe contr olled
within awide r a nge ofvalu e sbythe r ate- c o ntro且1ing m e mbr a n e ofthe
transde r m alpatche s.
r
nle e xpe rim e ntalblo od c o n c e ntr atio n s ofAra- A ,
Ar a- ”, a nd もotal radioactivity obtain ed by the tr a nsde r mal patch
ap plicatio n a rein go odagr e e m e nt with pr edicted v alu e s obtain edfr o m
physical m odel analysis･ T his a n alysis w a sba s ed o nthe in vitr o
beha vio r ofthe patche s, the sim ulta n e o u str a n spo rt a nd m etabolis m of
Ar a- A in the skin, a ndthephar m a c okin etic para m ete rs of ArかA , Ar a-
H
,
a ndtotalr adio a ctlV lty Obtain edfr o miv e xpe rim e nts.
4)CoIIC e ntr aLio n-distaIIC epr ofile s of 九r a- Aimtil e Skin
m e use oftr a n sde r m alpatche sforthe c o ntr olled deliv e ry ofdr ug
allo w sthe calc ulatio n of drug c o n c entratio n-dista n c eprofiles in the
skin･ Eq･ 4･17thr o ugh Eq･ 4･22w e r e u s edto c alc ulatethe ste ady-state
c once ntratio n-distaI C eprofile s or Ar a- A gelle r ated with tr all Sde r m al
patche shaving diffe r e nt r ate
- c o ntr olling m e mbr a n e s(Figu r e4･3･4).
The site at which drugenterstlle Syste mic circulatio n w a s a s s u m edtobe
30トL m into the skin (i･ e･ , ap pr o xim ately at the epide r mis/de r mis
interfa ce)･ 11eloc aldmgc oII C e ntrationsintlle Skill e stim atedtIlis w ay
m ay be u s ed to e stablish c o n c entratio n- effic a cy relatio nships in the
tre atm e nt ofc uta n e o u sinfe ctio n sinhairle s s mic e.
i4･4 Blo odc o n c e ntr atio npr ofiles of totalradio a ctivityfr o m
tra n sder m al Ara- ADA patch
1)Me a s u r e m e ntofperm e abilityc o efficie nt
Ar a- AD A pe r m e ability thro ugh the m e mbe r a n e w a s m e a s u r ed
u s l ng the tw o- cha mbe rdiffu sio n c ella ndthe m e mbra n e s u s ed w e r e
pr epa red by the m ethod de s c ribed in S l.1, Chapte r1 a nd i 3.1,
C hapte r3･ Ho w e v e r, a c etic a cid-sodiu m a c etate buffe r(pH 5, 0.9 M)
w a sus ed a sthe m ediu m fo rthe study ba s ed o nthe stability･
r
ole
pe m e abilty c o e£ricie nt ullder sit-k c onditio n w a s c al ulated u sl ng Eq･
3.1.
Tritia【ed Ar a- A D A(Ne w Engla nd Nu cle ar, Bo sto n, M A, U.S. A .)
wa s u s ed a洗e rpu rific atio nbyT LC･ Radio a ctiv ltyl nthedo nor c ella nd
-80-
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re c eiv er c ellw e r e m e a s u red atpredetermin edtim e s with a Be ckm a n
L S-7500liquids cintillation counter･
hl Figu r e4.4.1, the re s ults ofpe r m e ability c o efficie nt(P)fo rO･5
m m thickn e s sm e mbra n ew ereplotted again st m embra nehydration(i-i),
sho winglinea r r elatio n shipbetw e e nl朋 a nd - logP ･ T his s ugge sted
that pe r m e abiiiもy of Ara
- A D Aw a s als o r egulated by m e mbr a n e
bydratioI1.
2)Fabric ation ortr a n sderm alpatcII
Tr aI一Sde rllal patch e v alu ated bad tll e Sa me Stru ctu r e Sbo w m in
Figu r e4･213･ Rate -c o ntrolling m e mbr an es u s ed w ere su mm a rized in
Table 4.4.1. Ⅵletr anSde m alpatcll eS W e r elo aded with s u spe n sio n s of
unlabeled a nd tritiated Ara- A D Ain 0.19 %Carbopo1934 gel(B .F.
Go od rich Co. , Cle v ela nd, 0王i, U.S. A.)c o ntaining9 % Al o n e. The
totalc o n c e ntr atio n ofAra- A D Ain the gel w a s5tim e shighertha nthe
re spe ctive s olubiltie s･ (Solubility of Ar a- A D Ais 40 mg/ml in p圭
一王5･O
aqu e o u s s o山ioll at37
oC)･
3)In viv o expe rim e nt of Ar a- A D A
Btbe ト all e Sthetiz ed hairle s s mic e w er I nje ctedintr a v e n o u slyinto
the tailv ein with a 200け1 bolu s of s atu r ated Ara- A D As olutio n.
Tritiated Ar a- A D Aw e r epre s ent at tr a c e rle v els. A fte rthe iv
i nje ctio n,blo ods a mple s w e retake nfr o mthetailv ein a s afu n ctio n of
tim eand elimin?Lion r ate c o n sta nt(ke)fo rAra- A D Aw e redete r min ed･
In o rde rto dete rn 1in ethe blo od c o n c e ntr atio n of Ar a-A D A
,
blo od w a s
'
e xtr a cted thr e etim e s with 200トLl oftetr ahydr ofu r a n(T H F). A u
extra cts w ere addedto 10 mlofa s cintillatio n c o cktail(Re ady-Solv.
H P佃v, Be ckm a nln st. lnc. , Fuue rton, CA, U.S. A.)a ndthe radio a ctivity
w a s m e a s u red with aliquid s cintillatio n c o u nte r(Be ckm a nLS-7 500,
Be ckm anin stru m e nts, Fulle rto n, CA, U.S. A .).
As a r es ult
,
ke and distribution v olu m e(Vd)fo rtotalradioa ctivity
w e r edete r min
_
eda sI.15 x lO
13±I.4 xlO
‾4
min
-I
a nd125± 17ml(n =3-
7
,
±SE M), r e spe ctiv ely.
A b do min alsite s ofhairle s s mic e w e r epr etr e atedfb∫24ho u r s wi ぬ
50 m g of Alone lo aded o n 1.5 X 1.5 c m c otto n ga u z epr i o rtO
applic atioⅠ1 0f a tr a nsderm alpatch. Pe rln e ability c o effic ent of Ar a-
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Table4.4.I Rate- c o ntr olling m e mbr a n e s ofthetr a n sde m al
patche sfo rAr a- A D A
Me mbr a n e
co mposition(wt%)
a
山■■l 加 ■ ■ 一 ■
7 0% H E M A:30 % V P
loo鞄 H E M A
10 %H E M A
1刊ickn e s s
(m m)
■ ■■ ■ ■ ■■ ■l ■ ■l■■■ 叩
0.63
0.74
1.00
95 %H E M A:5% St 2.04
Ar a-A D Ape m e ability
c o efficie nt(c m/s)
5xlO
-6
1Ⅹ10
-6
5xlO
-7
1xlO
-7
a v p= N- vinylp ymolido n e,St = styre n e
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A D A for skin witha nd witho utAzo n epretre atm e nt(24 ho urs)w ere 7.2
x 10
-6
cm/s and 6･5 x 10
-8
c m/s, re spe ctively･
T hethe o r etic al valu e ofthetotal･ pe r m e ability c o effic e nt of Ara-
A D A fo rthetransde r m alpatch andskin c o mbin atio nis c alc ulatedby
thefollowingequ atio n[101]:
ぅ志 -去.忠 Eq.4.33
whe re P10Lalis the tota王 perm eabiiity c o effic e nt(c m/s), and Ps a nd Pm
a r e山e pe r m e ability c o effic e nts of Ar a- D A fo rthe skin a nd the
m embra nein tile tr anSderm alpatch, re spe ctively･ W he n atra nsderm al
patch de m o n str ating a pe rm e ability c o effic e nt of le s stha n10
･6
c m/sis
ap pliedto Alo ne-pr etr e ated hairle s s mo u s e skin, the c o ntributio n of Ps
to P10LaJ C Ould be c o m ele ss than lO %a s e stim ated by Eq･ 4･33･
Me mbr a n e-c o ntrolled tra n sde r m al deliv e ry c a nthe nbe predicted a nd
a chievedin this c a s eby n egle ctingthe 1/Pste r min Eq. 4.33. Before
theiT - iv o tl･a nSde r mal e xpe rim e nts w e r eirlitiated, the tr a n sde r m al
patche s w e r e equilibr atedin ahigh-humi dity cha mberfor1- 2daysto
elimin atethelagti m e effe ct.
Tl- etr a n sderm al patch w a sfitted u nde r o c clu siv e conditio n s.
Blo od s a mple s(1 0 pl) w ere take nfr o mthe tailv e阜I1 0f ether-
a n e sthetized m o u s e at pr edete rmined tim e inte r v als a nd total
radioa ctl Vltyin blo od w a sdete r mil ed. The o r etic alpr edictio n oftotal
r adio actl Vltyinblo od w a s c alc ulatedu si ngthefolo w i ngequ atio n;
●
c - 蕊 (1- e
-ket) Eq. 4.34
whe r eF
,
A
,
Vd
,
∫ a nd ke a r ethe flux, area of pen etr atio n, appa r e nt
v olu m e ofdistributio n, tim e a nd firsトo rde r elimin atio n rate c o n sta nt,
r e spe ctiv ely. The v alu e s ofke a nd Vd W e redetermined fr o miv
I nje ctio n e xpe rim e nts.
Figu r e4.4.2 sho w sthe dr ug c o n c e ntr atio nin blo od v e rs u stim e
afte rtr a n sderm al Ara- AD Apatches w e reapplied. T he shaded a r e a s
ar etheo r etic alpr edictio n s c alc ulated fr o mEq. 43 4. O nlyin the c as e
ofPm ≡ 5 冗10
-6
c m/s w a sthetotalpe r m e ability c o effic e nt of 血e dr ug
r ele a s edfro m the patchtbrougb skin dete r min ed from Eq. 4. 33. In
-85-
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the other c a ses (Pm = 1 x 10
16
, 5 x 且0
- 7
,
a nd ixiO
-7
c m/s), the total
perm eability c o effic ents w ere appro xim ated by n egle c血g Ps as
dis cus s ed pre vious且y･ 毘xpe rim e ntalplots c o nfir m ed the ぬe oretica且
c alc ulationsindic ati ngdr ug c onc e ntratio nin blo od c a nbe c o ntr olledby
cha ngingthe r ate-c o ntr olling m e mbrane.
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T he ap plic atio n of the statistic al m o m ent the o ry ha s been
inve stigated exte n siv ely as apra ctic alte chniqu ein che micalellgl n e e rl ng
[126-127】a ndpba m a c okin eticfields【45-62】,partic ularlyinthe are a of
e stim atio n of the tim ein v olv ed in the in viv o r el a s e a nd dr ug
abs o rpti on Pro c e s s e s. Pharm acokirl etic profile s ofdr ugs that a r e
adl血 Iiste redto bulll a n S a nd im alsle adto atypic alpa r abolic plasm a
c o n c e ntratio n-tim e c u r v e, in which the m ove m e nt of dr ug m ole c ule s
throughabody c o mpa rLm elltisgo v e m ed by pr obability, sinc ethey will
n otal1 be dis s olv ed, abs orbed, m etaboliz ed or excreted at the s a m etim e.
The r e siden c e tim e of the drug c aI一 be con c eiv ed a s afr equ eII Cy
distributio n withthe m e a n a nd va ria n c e abo ut the m e a n･ An alysis of
the distributio npr ofileispo s sibleto m akebythe tu s e of the m ethod of
fo u rth m o m e nts a sthe m e a n(1st- order m o m e nt), v aria n c e(2nd- o rde r
m o m e nt), ske w n e s s(3rd- o rde r mom e nt), a nd h rto sis (4th- o rde r
m o m ellt)of 山edistributio n a r e e stim ated byc alc ulation【128】.
A m o m elt a n alysis w a s l一e Wly applied to cha r a cte riz e s w el ing
beha vio r of the r mo -re spo nsive gels･ Are a u nde rthe s w elling-
te mpe r atu r e c u r v e(A U C), m e a n s w elling tr a nsitio n te mpe r atu r e
(MST T), a nd varia n c e oftl-ら m e a n s w elling tr a n sitio nte mpe r atu r e
(VST T)w e r e c alc ulated byusing a characteristictber m o-r e spo n siv egel
ba s ed oll a a C ryloyトしpr olill e m etllyle ste r(A- Pr oO Me) 【72-73】. This
bo m opolym er e xhibited alo w e r critic als olutio nte mper atu r e(L CST)of
14oCin w ater, a nd itis cha racte riz ed by afo r m atio n of w ate r-s oluble
spe cim e n o w l ng tO r apids w elling of m ain chain belo w the LC ST
te mpe r atu r e,in c o ntr a st to afo r m atio n of depo sitedspe cim e n o wi ngtO
sudde n shrinkage abo v etheL C STte mpe r atu r e.
Poly(A-ProO Me)gelw a s obtain ed by c opolym erizing with a slight
a m o u nt ofdietbyle n eglyc ol dim etbacrylate(2G) as a c r o s s-linking
-88-
age nt, a王-d we n ewlydisco v eredthat the v olu m etr a nsitio nte mpe ratu re
ofthe gel is shi 托edto highte mpe r atu r e, whe nitistr e ated in aqu e o u s
s odium dode cyls ulfate(SOS)as afhn ctio n ofte mpe r atu re. On the
ba sis ofthe s e s w elling
-te mperatu r e m o m- data, the A U C, M S T T, a nd
VSm v alu e s w e re c alculted-o clea rthe v olu m etra n sitio nbehavior of
the gel in aque o u sS O Ss olutio n･ Fu rthe r, s w elling fu n ctio n of
poly(H E M A/St)gels w ereals o e v alu atedu singthis m o menta n alysis[85,
129】.
$5.1 The ory
1)Derililioll
Ⅵ-e the r m o-re sporISiv egels r es ulted in a rapids w ellingbelo w the
LC ST te mper atu re, follo w ed by a rapidshrinkage abo v ethe LC ST
te mperature[130-132],in which a gell eral s w euing-temperature pr ofile
c al be dr a w Ⅰ一by a c oⅠ血- u o u s cu Ⅳ e a s s e e nin Figur e5･1･1･ Ⅵ1 e are a
u nderthe s w elling-te mpe rature(AUC)oftherm o-re spo n sivegels c a nbe
defin ed a s:
JI
A u °- ∑si･ △T
i=1
pi = 旦iT
A UC
Eq. 5.1
Eq. 5.2
Si(in %)den ote sthedegr e eofsw ellillg Ofthe gelat te mpe r atu r e ofTi
and Pir epr e s e nts apr obability of Si in w ate r o nthe s ectio n,[Ti, Ti＋
ATl･ The m e a n s w elingtra n sitio nte mpe ratu r e(M S m)c a nbedefined
a sfわllo w s:
n n
MSm = ∑Ti･ Pi= ∑
i=) i=1
･i(諾) Eq･5･3
The u s eful ll1 0del fo r v ario u s sw elling-te mpe r ature pr ofile s to
u nder sta ndthe n atur e of MST ris illu str ated in Figu r e5.1.2. The
-89-
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Figu r e5.1.1 Ar e a u nde rthe s w ellilg
-tempe ratu r e C u rv e(A U C)
in 山e m o-r e spo n siv egel.
-90-
M S
r
m
l
= Tα/2
】 b 加 - - - - - - (a)p b b b b
､
㌔
㌧
bJ)
月
-
”
a
∽
M S m< Tα/2
1b
■
㌔
(
'
b)
.
㌔
&
&
QL
一
ヽ
%
＼
MST 7> Tα/2
/
(c)
ち
ち
&
㌔
b･
b -
恥
¶ 也 b . d ”
Te mpe ratu re
Tα
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inther m o-r espo n siv egelstoillu strate the m o m e nt
a n alysIS.
(a):Co n stantsw elling
(b):Lo w-temper atu re s w ellinga ndhigh-te mper atu r e
des w elling
(c):High-te mpe r atu r e s w euing and lo w-te mper atu re
desw elling
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m o m e nts defin ed by 藍qs. 5.且 a nd 5.3 c a nbe c alc ulated by n u m e ric a且
integr atio n :
A UC =
MS
'
rT≡
JT:
I.
Swd T
TP
rcL
T･Swd
r
r
JT
l
:SwdT
Eq. 5.4
Eq. 5.5
whe r eTα a nd Tβa r ethelo w e rlimiトte mperatu r e a nd the uppe rli miト
te mpe rature for the s w elling e xperim e nts, re spe ctiv ely. The s e c o nd
m o m e nt ofthe s w elling
-te mpe r ature c u r v e c a nbe u sedto defin ethe
v a ria n c e oftll e nle a n SW elliI-gtraIISitiol一 temperatu r e(V S T T), wllich
c a nbe c alc ulated asfわllo w s :
V ST r=∫
11
T也
(T- ”sm)
2
swd T
JT
l
:swdT
Eq. 5.6
In o rde rto u nde rsta ndthis VST rv alu e
, a simpleillu str atio nis
sho w nin Figu r e5･1･3･ The VST Tv alu e c a nbe u s edto distinguish
clea rlybetw e e nthe s w eling-te mpe ratu re c u r v e witha mildcha nge(a)
a nd that witha rapidcha nge(b), inwhich both AUC a nd M S Trvalu e s
ofc u Ⅳ e(a)is equ altotho s e of cu rv e(b)a nd,in c o ntr a st, the V S T T
v alu e sdiffe rgr e atlyfr o m o n e a n othe r, V ST Tc u rve(a)> VS
r
rTc u r v e
(b)･
2)Basicprogr a mfわrthe c alc ulatio n ofAu °, MST T, andVST T
The ba sic pr ogr a mfo rthe c alc ulatio n ofthe AU C, MS m, a nd
V ST rvalu esbytr apezoidalr uleis a sfTollo w s:
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Figtlre5･1･3 Varia n c e ofthe m e a n s w eliingtr a n sitio nte mpe rature
(V S T r)inthe r m o-re spo n siv egelstoillu str ate the
m o m e nt a n alysis.
A U C(a)≡ A U C(b);M ST T(a) ≡ M S T(b);
butVST T(a)> VSm (b)
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10. = = = = = = = = = = -Mo m e nt An alysis= = = = = = = = = = = = =
20CONSOL E” 0,1:CLS
30 L O C A T E 10,2:P RIN T
‖ * * *C alc ulado n of Mo m e.nts byTrape zoidal R ule
** *”
4 0 L O CA T E 20,6:ⅠN P U T
‥
inputSa mplesNam e
”
;M$
50
-
一 - I - - - - - - - Data王nput
- - - - - I - - -
60LOC A T E 20,8:ⅠN P U T
‥
InputNu mber ofS ample
”
;S S
70 C LS:DⅠM A u °(SS),M ST T(S S),V S γr(S S)
80FOR 王=1 T O SS
90 L O C A T E 10,2:P RIN T
''
1nputNum berof Datain SalTlp e No･
”
;J;
‥ ‥
;:I N P U T D T(I)
1 朕) FOR 工=1 T O■D T(J):L O C A T E 2(),4:P RI N T
‥
inputEa ch Data, Te mperature,
Sw elling
'-
110 L OCA T EIO,5＋l:P RI N T
'
(
”
;i;
''
),S W(
‥
;I;
''
)=
”
;:1 N P U T T Y(I),SW(I)
1 20 N E X T I
1 30
I
- - - - - - - - -Tr ape zoidalIntegratio n
- - - - -
-
I - - - - -
1 40 S O=0.･S1-O:S 2=0:T Y(()=O:S W(O)=O
1 50 F O R Ⅰ=l T O D T(I)
160 SO=SO＋(S W(1)＋S W(i-1))辛(T Y(I)- T Y(ト1))/2
17O Sl=Sl＋(S W(i)*T Y(I)＋S W(I-1)*T Y(I-1))*(T Y(I)- T Y(I-1))/2
180 S 2= S2＋(S W(I)*T YO)^2＋S W(ト1)喪T Y(ト1)∧2)*(T Y(I)/rY(I-1))/2
190N E X T I
2 0 A U C(J)=S 0:M S T T(J)=S 1/S O:V S T T(J)=S2/SO- M S T r(I)^2
2 10 C L S:N E X T ∫
2 20I - - - - - - - - - -DataTable - - - - - - I - - - -
2 30 C L S: O C A T E 6
,
4:P RIN T”Sa mple Na m e :
”
;M$
240 LOC A T E 5,5:P RI N T
250LO CA T E5,6:P RINT
”
Sa mple No. AU C MST T VST T
II
260LO CA T E 5,7:P RI N T
''
- - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - -
-
- - - - - J '
270F O R I=1 T O SS:L O C A T E 5,7＋Ⅰ:PRIN TUSIN G
” ## 樹幹糊軌##
## 耕.# # # 耕# 榊し# #
”
;Ⅰ,A UC(I),M S T r(Ⅰ),VS T T(Ⅰ)
280 N E X T i
290LOCA T E 5,8＋SS:P RI N T
30 L OCA T E0,30:P RI N T
T'lfyo u n e edto printO ut,I nputY,if do n
.
I,I nputN
''
;:I N P U T Y$
3 10 肝 YS= ”Y” T H E NG OTO 3 30E LSE E N D
320I - - - - - - - I - DataPrintOut - - - - - - - - I
3 30 CL S:L P RI N T'Sa mple Na m e :
”
;MS
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340 L P RI N T
- I - , - ･ ･ - I - I -- ･ ･ - - ･ - ･ ･ - -
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I
. -
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350 L P RI N T
"
Sa mple No. A U C MS
r
ⅠT VS T T
●'
360 L P RI N T
●.
- - I - - - - - … … _ _ _ _ _ _ _ _ _ _
_ … _ … 叫 ー _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ … _ _ _ _ _ _ _
”
370 FOR l= 1 TOSS:LO CA T E 5,7＋7:LP RIN T U SⅠN G'f 榊
♯肘肘･# # 桝 榊 # 淵#●-;I,AU C(I),MST r(i),V ST T(1)
380N E X T I
390 L P R且N T
I
## ㈱.# #
4(カ E Nl)
i5.2 Poly(A -Pr oOMe)gels
1)Prepa r atio n ofpoly(A-ProOMe)gela nd m e asu r em e nt ofgels w eling
Poly(A -ProOMe)ge且 which c o n sited ofA -Pr oOMe (10 m m ol)
a nd dietl叩Ie n eglyc ol dim etha crylate(0.02 m m ol)a s a c r o s sl inking
agent w a s obLa主Iled byirradiatlng uplo 3 0 k Gy at a dos e rate of 10
k Gy/hat25
oC u nde r a nitr oge n atm o sphe r e, u sing†
-r aysfr o m a
6 0co
s o u r c e. Ⅵ1egelobtain ed w as w a shed withe x c e ss etha n olto re m o v eth
u n re a cted m o n o 皿 e rS, 血e nim m e rs ed in w ater atO
o C(ic e- w ate r system),
andlyoplliliz ed.
T he degr e e of pe rc e nt s w elling ofpoly(A -ProOMe) gels w a s
m e a s ureda sfollows. Thelyophiliz edgelw a sfirst tr e ated in aqu e o u s
s olutio n s c o ntaining 0, 0.01, 0.i, 0.2, 0.3, 0･4, a nd O･5 g/dlSDS
(Mer ck, Da m stadt, Ge r m a ny)atO
oC for approxim ately 3 w eeks to
obtainthe s w ol且e ngel･ Then the s w olle ngels w er e agal nim m e r sed in
aqu e o u sSDSsolutio nkept at te mper atu r e s of O･ lo†20,30･40･ 50,60,
70
,
a nd 80oC fo r24ho u rs. Ⅵ1 e Changesin w eight of the gel w a s
m e as u r edafte r w lp ngthe ex c e s s s u rfa c e w aterfr o mthegelto estim ate
●
血edegree ofs w elling ofthe gelu singEq･ 1･3･
2)Re s ults a nddis c u s sio n
.T he te Ⅰ叩 e r atu r edependeⅠl C e Of pe r c e nt s w elling ofpoly(A-
prooMe)gels主n aque o u sS OSs olutio nis sho w nin Figu re5･2･1･ Ⅵle
degr e e ofsw elling ofthe geltr e atedin pur e w ate r re a ched
'
upto950 %
atooc
,
follo w ed by a gradualshrinkage withte mpe r atu r eafte r a r apid
-95-
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Figu r e5.2.I Te mpe r aturedepe nde n c e ofperc e nts w ellingofpoly(A -Pr oO Me)
gelsin(0)0,(□)0.01,(A)0.1,(㊨)0.2,(閤)0.3,(A)0.4, a nd
(◇)0.5g/dlaqu e o u sS DSs olutio n s. Thegels, which w e r e
pr e vio uslys w olle nin e ach S DSs olutio natO
oCfo r appr o xim ately
3tve eks, w eretre ated for24ho urs at te mpe ratu r es of 10,20,30,
40, 50,60,7 0, a nd 80
oC.
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des w euing l nthe r a nge of 10to 20
oC･ T his s w elling behavioris
m a rkedlyinflu e n c edbyaddingSOSto a n aqu e o u s s olutio n,in whichthe
v olum e もr a n sitio n is shifted to highe rte mperature, a s the SDS
c o n c e ntrationin c re a s e s uptoo･4g/dl･ T heO･5g/dl S DS c o nce ntratio n
blo cks the v olu m etra n sitio n ofthe gelin the r a nge of 0to 80
oC at
which the gels w elling r e m aiIIS C O n Sta nt at appr o xim ately 3,000 % .
T his is be c a u s ethe te mpe r atu r e s abo ve 80
oC are r equir ed fo rthe
appe aranc e of gel shrinkage･ lt w a s c o nfirm edthat the s welling-
de s w ellingkin etics ofgels ar ere v e rsibleinthe ra nge of0to80
oC.
隻5.3 A UC, M S T T, alld VST
r
r
I)poly(A-Pr oOMe)gelin aqu eo u sSOS
Using data of Figure 5.2.1, the A UC, MST T, a nd V S T Tv alu es
w e re c alc ulated a c c o rdillgtO abasic progra m fo r statistic al m o m e nt
a n alysis･
r
ol eresults a re sho w nirlFigu r e5･3･l fo rA U C, Figure 5･3･2
fo rM S T rand Figu re 5･3･3 for V S
r
rT
,
re spe ctively･ In Figure 5･3･1,
the A UC v alu e ofthe gelwhichis defined a sthe m e a s u re ofare a u nde r
the s w elling-te mpe r atu r e c urv e w a s appr o xim ately16,0 00
oC･ % in pu r e
w ate r. This v alu e r apidlyin c rea sed withincre a slngSDSc o n c e ntr atio n
Ⅶntilit w as s atu r atedat a v alu e of280
,
000oC･% in0.3g/dlaqu eousSDS
s olutio n. The MST Tv alu e w a s appr o xim ately17
oCin pu r e w ate r a s
c a nbe s e e n cle a rlyin Figu re5.3.2 and, forSDS c o n c e ntratio n sfr o m
0.1 to 0.5 g/dl, it exllibited alin e a rin c r e a s efro m 17to 42
oC. Tlis
v alu eis str o nglydepellde nt o nte mpe r atu r e r allgefo rthe m e a s u re m e nt
ofgels w elling, e･g･ froITITα to
r
rβil一叫 5･5･ illthis study,tlleTα a nd
Tβ w e r etake n a ste mpe r atu r e s of 0a nd 80
oC, r e spe ctiv ely･ In this
limitedtemperatu r e r a nge, ifthe s w elling-te mper atu re c u Ⅳ ele adsto a
cha r a cte risticfrequ e n cydistributio n s u ch aslo w
-te mpe r atu r e s w elling
a nd
.
bigb
-te mpe r atu re shrinkage(Figure5･1･1), 血e MST Tv alue sho uld
be c o n v e rg d to appro xim ately 40
oC at m a xim u m･ The s w elling-
te mpe r atu re c u r v e wi山MST r≡ 40
oC ispa r allelto abs cis s a(c u r v e(a)
in Figu r e5.1.2). m is finding lS C OnCluded fro m the r esults ofthe
s w elling-te mper atu re c u Ⅳ e ofthe geltr e ated in O･5 g/dlaqu e o u sSDS
(Figur e5.2.1). In the c as e or MSTT v aluesbelow 40
o
C, the sw elling-
te mpe r atu re c u rv e sho uld be c o m e afr equencydistributio nlike c u rv e
-97-
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(b)in Figu re 5･1･2 a s w ellas ぬo s e ofthegeltre ated il一0 - 0.4g/dlSO S
(Figure 5･2･1)I Asthis distributio nis shiftedto right, the M S T rvalu e
m aybe c o n v e rg d into 40
oC in clo･s ely relatedto SO Sc o n centratio n.
This r e s ult c allbe s e e ninFigu re5･3.2. On the othe rha nd, s u cha c as e
a sM S T T> 40oC(c u r v e(c)in Figu r e5.1.2)c o uldbe not obs e rv edin a
poly(A -Pr oOMe)ge且syste m･ 朋 ow e v e r,ifthe s w elling-te mpe ratu r e
cu r v e ofthe gel is c o mpo s ed of lo w-te mpe r atu reshrinkage a ndhigh-
te mpe r ature s w elling, it c a nbe applic able to the c u r v e(c)in Figu r e
5･1･2. Figu r e5.3.3 sho ws that the minim al le v el of V S T Tv alu e w a s
obtain ed in 0.2g/dlaqu e o u sS OS s olution. T he V S T Tv alu e c a nbe
u s edtodistil-guishthe quicknes ofv olu m etra n sitio nfro m the shape of
swelling-te mpel
'
ature c u rv e(Figu r e5･1･2). Thatis, in o rde rto get the
minim alVSm
'
v alu e, the shape ofthe cu rv e m u stbethat thedegre e of
s w elling m aintain s the highe stle v el up to a c e rtain te mpe ratu re,
follo w ed bya rapidshrinkage ofthegel(inthe c a s e ofthegeltr e atedin
O･2 g/dlaqu eous SDSin Figu re5･2.1). In c o ntr a st, the highe rVSTT
v alu e s c a nbe obtained fro m tw o s w elling-te mpe rature c u r v e s :(1)
gr adu alshrinkage withtheillC r e a S einte mpe rature afte r s w olle natlo w
te mperatu r e(inthe c a s e ofgelstre ated in 0, 0.01, a nd 0.1g/dlaqu e o u s
s os s olutio nin Figure 5･2･l), a nd(2)appa r e ntly s aturatio n s w elling
again st te mpe r atur e(inthe c ase ofthe geltr e ated in 0.5g/dlaqu e o u s
SDSs olutionin Figu r e5･2･1),in whichthe degre e ofs w el ing ofthe s e
gels m u stbekeptle v elsles sthanthehighe stdegre e ofs wらllingobtain ed
in0.2g/dlaqu e o u sSOSs olutio n.
2)Applicatio nto poly(A IProOMe/St)gelsil W ater
Ac c ording to the data of s w elling-te mpe ratur e c u Ⅳ egl V e nin
●
Figu r e1.2.6, the A U C, MST T, and VST Tv alu e s w e restim atedto
analyz ethe v olu m etr a n sitio npr ofile ofpoly(A -pr oOMe/St)gelsin
w ate r･ Asc an be s e enin Figu r e5.3.4, A U Cv alu e which is am e as u re
of the are a u nde rthe s w elling-te mpe r atu re c u r v e r e a ched up to a
m a xim alle v elof9,7 0
oC｡%in apoly(A -Pr oOMe/St,9.9/0.1 m mol)gel
a nd, with tl- らiI- C r e a s ein St c o mpo sition, tllis AUC v alu e r apidly
de c reas edin clo s ely relatedtotl-edis appe a r a n c eof 血e m o-re spo n siv e
fu n ctio n･ 耶I eMST ra nd VST rv alu e s a r e sho w nin Figur e5･3･5･ In
this study, the Tα a nd Tβte mpe r atu res gl V ellin Eqs･ 5･3, 5･4, a nd5･5
w e r e'take ntobeOoC a nd 50oC, re spe ctiv ely, at whichthe MS7T v alu e
-1 0ト
12
(
o
U 10
●
邑
rr)
l
ヨ 8
〉く
U
=)
< rl
4&
○
0 10 20 30 40 50
Stinpoly(A -Pr oO Me/St)gels (m ol%)
Figu r e5･3･4 C叫nge sin A U Cofpoly(A -ProO Me/St)gelsin w ate r.
-1 0 2-
㊨;;
o
.臣
①
;5
0
u
^
300巾
()
巨 250
>
200
150
p<j
Y5wg
訂 2O
0
ヽ J
∈ 15
芸
10
10 20 30 40 50
Sti一l poly(A-Pr oO Me/St)gels(m ol %)
FigLlre5･3･5 Change sin MS
r
汀 a nd VST Tofpoly(A -Pr oOMe/St).gelsirl W ater.
-103-
sho uldbe c o n v erg dto 25
oC at m a xim u m･ T he r e s ultinglt r e a ched
m a xim allyin apoly(A -Pr oO Me/St,5.0/5.0 m m ol)gel, which e xhibited
n othe m o- re spo n s ein the r a nge ofO
oCto 50
oC･
r
nlisfinding m e ans
that the de cre a sing the M S T Tv alu e s(M ST T ” 25
o C)le ads to the
appe ar a nce of r e a s o n able the r m o
-r e spo n siv efunction･ T he V S T T
v alu e, which w a s defin ed a sthe m e a s u r e of va ria n c e of s w elling-
te mpe r ature c urv e, als o e xhibited a nincr e a s ewiththe in c re asein St
c o mpo sitio nin the gel, indicati ng that the de c re a s ing Ofthe VST T
v alu e s a c c o mpa nie s a r apid v olu m etr a n sitio n at a slight change of
te mpe r atu re･
3)s u m m ary
The e v aluatio n of v olu m etrallSitio nte mpe r atu r e s of gels with a
the r m o- re spo n sivefu nctio n s e e niu Figure5.2.1 is n otsimplebe c aus e of
the c o ntin u ous changefrom sw ellingto shriukage･ As a u s efulto olto
s olv ethis pr oble m, the statistic al m o m ent a n alysis W a s ap plied a nd,
fr o mthe e xperim e ntalre s ults of Figu re s5.3･2 - 5･3･6 w e a r efo r c edto
c onclude that the appare nt v olu m e tra n sitio nte mperatu r e c a nbe
e stim ated 血･o m a m e a n s w ellingtraIISitio nte mpe r ature(MSγr), a nd也e
c or r e sponding MST T is widely applic able to the cla rific atio n ofgel
s w elling r e spo ndirlg r e V e rSibly to e nvir o n m e ntal cha nge s s u ch a s
te mpe r atu re, pH, ele ctricfield, che mic als a ndlight･
-104-
Co mc旦那畳o n
Chapte r1
Ⅵ- eho mopolym e rgels c o n sIStl ng H E M A, A -Pr oOMe, St, a nd VP
a ndtheir c opolyme rgels were prepa red by r adic alpolym e riz atio n o r
by r adiatio n-indu c ed polyme riz atioi-, u s i ng †-raysfr o m
6 0co sou r ce.
那- epe rc e nts w eliillg Ofthegels obtain ed w a s m e a s ur edin w ate r o rin
salin e solutio nillthe r a nge of 0- 60
oC
, sho wlI-gthat allgels e xhibita
●
cha r a cte ristic the r m o-r e spo ns e s u ch a slo w-te mpe r atu reswelling a nd
high-te mpe r ature de s w elling･ T he degre e of s w elling of
poly(H E MA/V P)aildpoly(H E M A/St)gels c o uldbe e a silyc o ntrolled by
cha ngi ngthe co mpo sitio n, e･g･ 1 nthe r a nge of appfOXim ately46to 195
% at37
o
C, in c o ntr a st to wide r a nge of40 - 1200% atO
oC fo rthe A-
Pr oO Me -c o ntaining gels suc暮- as poly(A -Pr oO Me) a nd po且y(A -
Pr oOMe/H E M A)gels withadra stic v olu m etr a n sitio n around 14
o
C.
Chapte r2
m e dyn a mic cha r a cte ristic s ofgelsw elling and de s w euing w e re
in v e stigated fo rA - ProOMe- c o ntal nl ng gels･ The a ctiv atio n e n e rgl e S
●
w er e c al ulatedto c o n side rthe m e cha nis m of sw elling
-
a ndde s w elling
pr o c e s s e s of the gel ac cording to the cha nge sin e ‡l Vir o n m e ntal
te mper atu re･ Fu rthe r, the r ele a s e r ate of Ar a- A fr o mthe drug-lo aded.
gel w a sdeterm hed in de s w elling pr o c e s s of the gel, to e v alu ate a
r elationship betw e e nthe de s w elling rate c o n sta nt a nd r ele a se･r ate
C O nSta nt.
Whe nthe e n vir o n m e ntalte mper atu r e w a s cha nged, thedegre e of
s w ellingofgelsho w edalin e a riユーC r e a S e agai n st the squ ar e r o otoftim e.
T he r ate c o n sta nts c alc ulated fro mthelin e arslope ofth isplotindic ated
that血e gel de s w ellingpr o c e s spr o c e eds m u ch fa ste rtha ngels w℃1ing
pr o c e ss. In this c as e, the activ ation e ne rgy(仏El)for s w elling pr o c e s s
is appr o xim ately1.3-1.5tim e shighe rtha nthatfo rde s w ellingpr o c ess.
Fr o mthe r e s ults of micr osc oplC Obse r vation, it w a sfo u nd 血at 血e
de s w elling pr o c es s c o uld be e xplain edbya m atrixpu mpi ng m e Clla nism
in wbicb the w ate r m ole c ules o c cluded in side ofthe gelc o uld be
released outthroughthe po re sin thegel duringthe shrinkage.
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T he rele a s e of 9-β- D -a r abinofuran o sylade nin e .(Ar a-A)from the
gel whe n cycled at diffe r e nt te mpe r atu r e s at 60- min ute inte r v als
e xhibited a typic al pu且s ate r ele a s e s u ch a s a slight am o u nt ofdr ug
releas e atlo w e rte mper atu r e a nd ago od de al ofdr ug r ele as e athigher
te mpe r atu r e. T he r ele a s e rate c o n stant(kAra- A), Which w as c alc ulated
fr o mぬe slope of alin e a rplot ofrele a s ed a m o u nt ofAr a- A v e r s u sthe
squ a r e r o ot oftiⅠrle, C O rr e SPO ndstothede s w ellingr ate c o n sta nts(kd).
Cil apte r3
In o rde rto de sign a n ew lraIISde n lladeliv ery syste m witht‡1 er m O-
r e spo n siv egel m e mbr a n e a s r ate- c olltr Olling m e mbr a n e, Ar a- A w a s
in co rpor ated into thre e type s of m e mbran e, H E M A, H E M A/V P,
H E M A/St, to e stim ate thepe r m e ability c o effic e nts. It w a sfo u ndthat
the pe r m e ability coeficie nt of Ar a- A thr o ugh the gel m e mbr a n eis
str o nglyaffe ctedbythe c o mpo sitio n, e.g. theintr odu ctio n of V P inthe
gel in c re ase sthepe m l e abilityc o efficiellt,in c ontrast to aquick de cr e a s e
oftheintr odu ctioll Of St. A plot ofthe diffu sio n c o effic e nt of Ar a- A
v e rs u stil e r e cipr o c al of m e mbr aI一el一ydration ga ve a str aight lin e,
s ugge stl ngtllatAr a- A tra n spo rts tl-r o ugh fre e v olu m einthe m e mbr a n e,
asit canbe controlledinthe r a nge fr o m10
-5
lo 10
-8
c m/sby cha nging
the m e mbr a n e c o mpo sitio n.
Chapte r4
TTl e r ate -C O ntr Ollingtr a n sde r m al Ar a- A patches withper m e ability
c o efficie nts of(5 x 10
-6
, 1 x lO
‾6
,
5 x 10
-7
,
a nd 1x lO
･7
c m/s) were
pr epa r ed a nd appliedto AzoI一e-pr etr e ated hairle s s m o u s e abdo minal
skin･ Thein vitro a ndir -iv oblo od conc e ntr atio n s of Ar a- A clo s ely
agre ed withthat obtain ed 血
･
o m tll eOr etical m odelc alc ulatio nba s ed o n
the m uユti-laye r m odel ofthe skin･ T he
‥
mic ropba r m a c okin etic
=
behaviorof Ara- A in c uta n e o u sti s u e c o uldals obepr edictedba s ed o n
this m odel.
Chapte r5
T he v olu m etr a n sitio n ofpoly(A -Pr oOMe)gels w a s shifted to
bigll erte mpe r ature sbytre atinglll aqu e ous SDS solutio n･ Ⅵle a n alysュs
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of the sw elling-te mpe r atu r e c u rve (fr equ e n cy distributio n) w a s
perfor m ed ac cordimgもo a m o m e nt a n alys ュs. T he A UC, M S T T, a nd
V S mv alue s ofthe ge且inpure w ate r syste m w e re16,000
oC･ %
,
17o C
,
a nd 40 0oC2
,
re spe ctively･ Ⅰn aqu e o u sos solution, the AUC a nd
M S T Tsho w ed a m arked in c r e a s e with the in cre a s ein SOS
c o n c e ntr atio n
,
in c o ntr a st to aminim u m v alu e of 220oC2in aqu e o u sO･2
g/dl S OSforthe V S T Tv alu e.
T his m o m e nt a n alysis w a s applied to a n a n othe rgel. po且y(A I
Pr oOMe/St), もo e stim atethe cha nge sin A UC, MS
r
m
l
, and VST rofgel
illdu c ed bytheintr odu ctio n ofahydr ophobicSも m oiety.
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